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THE APPLICATION OF ANTI-FRICTION 
BEARINGS TO ROLL AND PINION NECKS 


By D. M. PETTY* 


Early in March a questionnaire was mailed to 
all of the various steel plants in order to ascer- 
tain the present status and feelings of the various 
steel mill engineers concerning the application of 
anti-friction ‘bearings to roll and pinion necks. 
In some cases, each individual plant returned a ques- 
tionnaire and in other cases, the various plants of 
one company consolidated their answers into one (1) 
questionnaire. Altogether ten (10) questionnaires 
properly filled out were considered. Those question- 
naires, however, represented a total of at least 20 
plants and in view of the fact that the answers in 
most cases represented a joint opinion of at least 
two or three men, it may be said that the tabulations 
showing the various answers to the questionnaire 
represent the average opinion of at least fifty (50) 
steel mill engineers, and it goes without saying that 
these fifty men are the best informed, as well as the 
most progressive engineers in the industry. For this 
reason therefore, this report should point out a few 
rather definite points in connection with this subject. 

It should be especially noted that most of the 
answers to this questionnaire represent the opinion 
of these various steel mill engineers rather than the 
actual experience of these men, because with very 
few exceptions, almost no experience has been ob- 
tained with the use of anti-friction bearings in rolling 
mills, however, it is in the formative stages of the 
art and free discussion will do the most good. 

It will be noted that in some cases there are more 
than ten (10) answers to a single question. This is 
due to the fact that several men gave more than one 
answer to a question. 

What do you consider the chief 
limitation to the use of roller 
bearings for this service? 

Inability to reduce diameter of 


Question No, 1. 


Answers: 


a ee oe ee I 
Limits roll dressing ......... 2 
Limitations in bearing design.. 2 
errr rrr rrr I 
SOGCE OW ONE WHEE. 6. oscccce 
Difficulty of keeping dirt out 
OE WD, oa cends cdsddnss I 


Cost of installing on new mills 1 
What disadvantages can you sug- 


Question No. 2. 
gest in regard to such applica- 


tion? 
Answers: Inability to take end thrust... 2 
Inability to obtain full life out 
of rolls on small three-high 
gg eT ree I 
Increase neck breakage due to 
unequal temperature ...... I 
Increase time of roll changes.. 3 
None ae Tee rtrcayieere ts. | 





*Elec. Supt., Bethlehem Steel Co., Bethlehem, Pa. 


Roller bearings, consequently roll 
necks, can be cooled to about 
250° by an oil circulation system 
on the bearings. 

Do you think such cooling would 
tend to cause neck breakage, par- 
ticularly in the case of hot sheet 
mill rolls? 


Question No. 3. 


Answers: Plate Mills and Hot Sheet 
POU: cou beoseeshdvaheds 7 
OE diego ae. 2 kad me l 
Other Mills—No ............. 3 
WO skai wes oiaed 0) 
No answer ...... l 


Qi] cooling system 
too complicated. . l 
Question No. 4-A. Will the fact that there is prac- 
tically no wear on roller bearings, 
either transverse or longitudinal, 
eliminate any trouble in mill op 
eration ? 
Answers: Weird ie dev isessvenedarae 
UU is odikn dd'ns Kiace dale ate eee () 
Question No. 4-B. Will the elimination of wear both 
transverse and longitudinal in roll 
neck bearings prove to be or value 
to mill operation ? 


Answers: Bled ow tanti an ead ame re 10 


Question No. 4-C. Will it help to roll more accurate 
products? 

Answers: WE Wieuds oecee¥ensewees pei 9 
We shnckecucnunss ks baeeboke I 

Question No. 4-D. Will it lengthen the time between 
roll dressings ? 


Answers: WO “ivks tae +s 60sdcaeke seo } 
Se Perr eer ee es 2 
NS dite ae ict eG bw hast ct cae adie i) 

Question No. 5. Have you ever made temperature 
tests on roll necks after a steady 
run of the mill? 

Answers: SUN. ‘6 aie tthe) xt ice wie nea slemeee 10 
Ul citiacnccskeudeweckduowmee l 

Question No. 6. — If so, will you please give the re- 
sults? 

\nswers: One (1) Yes to Question No, 


5 comments that. studies 
produced such wide varia- 
tions in results that no safe 
conclusions of a general na- 
ture could be drawn from 
them. 


BACK-LASH 
Back-lash presents quite a problem because its 
elimination by means of drags would materially re 
duce the power savings due to the use of anti-fric- 
tion bearings. 
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Ouestion No. 7%. 


Answers: 


Question No. 38. 
\nswers: 
Question No. 9. 


\nswers: 


Question No, 10-A, 


\nswers: 


Question No, 10-1. 


Answers: 


Question No, 10-C. 


\nswers: 


Question No, 11. 


\nswers: 


Have you experienced any trouble 
from this source in the use of 


y) 


roller bearings: 


MD dice te sha avidHeadonds owed 0) 
Pel SND 5 ons deca oxeeenes 10) 
Veer tdaueesccerbennba ress 0) 
If so, how was it corrected? 

SS. 10 


Do you think the ordinary coup- 
ling box fits will cause serious 
back-lash ? 


Ee eee aed ae ee Pe | 
NO COMMMENE £4. 664 ce swwecee 2 
en ee are ar, Pe ae l 
Depends on kind of mill and 
WON Gis cw oon dae ee { 


If so, would finishing wobblers 
and coupling boxes remedy the 
trouble ? 


De er cane ee alah at aha halts ace () 
OO } 
PN ae a: out Bits asda: Scant ANS 2 
FCI, DUt NOS CULE... occ cavsed 5») 


What clearance would you’ use 
for such fits? 


a dll Oe cee On ne Steen ae Rar ee paneer es ) 
i ge a ee ee eee are ee l 
a al at ea ae 2 


Would the life of the finished sur- 
faces be long enough to warrant 
the expense? 


SD 6 dapidieédnadwekonebiacetis 2 
rn eo ee ee 6 
\Would you prefer universal coup- 
lings to finished boxes and wob- 
blers? 

tak iis dha S Cishinn wae neta S 
delet incline thale aa ylo.0e'e wile hier I 
Small Bar Mills—No.......... > 

NECKS 


With the present practice in regard to the diame- 
ter of roll necks, it is frequently found impossible to 
apply roller bearings to two and three-high stands. 
‘To attempt to determine whether or not neck diame- 
ters could be reduced to permit the use of roller bear- 
ings without danger of neck breakage, your experi- 
ence or opinions are requested in regard to the fol- 


lowing: 
Question No, 12. 


\nswers: 


Question No, 13. 


\nswers: 





What are the chief causes of neck 
breakage ? 


a ee S 
a | 
I at is ts tests hl ww cael 3 
ei Di Gens ened I 
Poor TRBTICRTION 66. .kcce ccs | 
eS err 2 
Improper design .........+...- I 
Kknd thrust that wears away 
Pes ia te Sala + 6 4.8 | 
Weces C00 SUNAE ions cccecsss l 


Is there any standard ratio be- 
tween roll and neck sizes’ for 


P) 


various roll diameters: 
Depends on type of mill...... 3 
ey A Pathe stele eee eee ee 2 


Question No. 14. 


Answers: 


Question No, 15. 


\nswers: 


Question No, 16. 


Answers: 
Question No. } 


a 
‘ 


\nswers: 


Question No, 18. 


Answers: 


Ouestic mn Ne ». 19. 


\nswers: 


Is the present diameter of necks 
in proportion to that of the rolls 
necessary to obtain torsional 
strength in the necks, or is it to 
minimize the unit pressure on the 
bearings? 

Present necks are oversize.... 3 
To minimize bearing pressure... 6 


Torsional strength ........... a) 
To limit heating and _ cooling 
DY haa Sen enuvaweesees l 


If power required for rolling can 
be reduced from 40% to 50% by 
the use of roller bearings, and if 
present neck diameters were nec- 
essary either for reason of tor- 
sional strength, or to obtain low 
unit bearing pressure, can neck 
diameters be safely reduced if 
roller bearings are used? 


DU ack needs dneesend eureeds 6 

DE icsvad dean teehee ween 2 

Except hot plate and sheet and 
CY ites newcccteckeaes 2 


To what extent would such reduc- 
tion be limited by the necessary 
diameter of the wobbler? 

0 er ty ore ee ye 10 
What effect does the radius of the 
fillet between neck and body have 
on the strength of the former? 


\pparently none. 

It does effect strength of roll 
and prevents neck = from 
breaking close to body. 

What rule do you use to deter- 

mine the radius of this fillet? 


GS WOORIONS 2.0. oe ce cesuss 3 
WO COMIONE 2 5oc ic cesscsecss 3) 
St SY Cee te thd eect nin naw es 3 
We CE 3 se headesedeenes 


The point of application of roller 
bearing is closer to the body of 
the roll than in the case of stand- 
ard bearings. \WVill this fact allow 
of a reduction in the diameter of 
the neck, and still maintain the 
desired strength? 


RST Be ee ee r 
NO COSMMMOENE 2... .ccccccccecs 2 
MR Sorte ee eas Oe l 


Krom the general tone of the replies to the above 
questions we may deduce the following general con- 


clusions: 


1. Steel mill engineers are interested in the -appli- 
cation of anti-friction bearings to rolling mills. 

2. Roll necks in general can be reduced if anti- 
friction bearings are applied. 

3. The prevention of dirt working its way into 
the bearings is one of the most serious prob- 


lems. 


!. Proper lubrication of the bearings must be 
worked out in a simple yet reliable manner. 


(Continued on page 392) 
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Arc Welding is Selling Steel* 


By JOHN LINCOLN?t 


RON is used in industry today in two principal 
forms—first, as cast iron in enormous amounts 
by the various gray iron foundries in the coun- 
try, and secondly, as steel produced in the great 
rolling mills of the country and consuming an in- 
creasing proportion of the amount of iron used. 

Are welding is an art which is very young. It 
was practiced in a very limited way about eighteen 
years ago, was first heard of through the technical 
journals by a limited public in the Fall of 1914 
when the interned German ships’ cylinders were 
repaired by this method. Since that time the use 
of are welding for repa‘rs and maintenance has 
grown by leaps and bounds, and at the present time 
the use of this method for repairs in steam railroad 
shops throughout the country saves millions of dol 
lars per year. I presume trie same statement can 
be conservatively made with reference to the use of 
arc welding in repairs and maintenance in the steel 
mills of the country. 

More recently the use of -welding for the con- 
struction of tanks, pressure vessels, and steam pres 
sure pipe, has become quite general and is destined 
to be the only method which will be used within 
a few years for this work. 

This paper has to deal however, with the ap- 
plication of are welding to a new field which the 
author believes is of greater importance than the 
two previously mentioned uses combined, and which 
will greatly increase the use of rolled steel shapes 
and correspondingly decrease the use of gray iron 
castings. To those who are not acquainted with 
the possibilities of are welding in the manufacture 
of machinery, this statement will sound unreason 
able and exaggerated, but the experience of the 
company with which the author is connected, makes 
it safe to say that what has been accomplished in 
the product manufactured by this company by are 
welding can be, and very shortly will be, accom 
plished by other electric manufacturing companies, 
and by all other organizations fabricating steel which 
will use the process with a great saving in the cost 
of manufacture of their product. 


During the last fifteen years the entire line of 
machinery manufactured by the company” with 
which the author is connected, has been changed 
from the usual cast construction, which has_ been 
used from the time that motors were first built, 
to the welded steel construction. Results from all 
points of view, that 1s, first cost, effect on the cus 
tomer, effect on the factory organization, are fully 
known at the present time. Work has been done 
over this period of time slowly and every step has 
been thoroughly proved. Since there was no previ 
ous practice along this line to go on, every step 
has been necessarily a pioneering step and the dif 
ficulties, dangers, advantages, and effects of this 
construction have necessarily been worked out dur- 
ing this period. 


Presented before Cleveland District Section, A.I.&S.E.|1 


April 20, 1928. 


*President, Lincoln Electric Co., Cleveland, O. 


The experience, methods, and data which have 
been developed by the author's company during 
this period of development, would make it possible 
for any other manufacturer to produce similar re 
sults in a fraction of the time, and the process has 
already been put’ into use by the competitors of 
the author’s company with which are 
enormous, although the application in the case of 
these competitors has only been very partially made 
so far. The result of its general application which 
of necessity must come because of economic pres 
sure, will make the savings in this country alone 
in excess of $150,000,000 annually in its application 
to the change-over of cast iron only. 


Saving’s 


Prefactors of Rolled Steel and Cast Iron 

The tensile strength of rolled steel is four to 
five times as great as that of gray iron castings 
The stiffness, or the so-called Young’s modulus, is 
very much greater for rolled steel than tor cast 
iron, yet the cost per pound of rolled steel is about 


one-third, on an average the cost of castings. This 











FIG. 1 


means that if a structure is to be built whose 
utility depends on the tensile strength of its parts, 
the cost of the material will be from one-twelfth to 
one-fifteenth as great if structural steel is used of 
what it would be if castings were used for the same 
purpose Furthermore, the chance for breakage 
from shock of a part made up from structural steel 
parts by welding, is very much less than the chance 
for breakage of the same part made up from cast 
ings. In fact, the cross section of many cast parts 
is determined to a great extent by the expected 
resistance of this section to shock and_ breakage, 
which accounts in a great degree for the very much 
greater weight of castings for a given part as com 
pared with rolled steel welded for the same part. 


\s stated above, the weight of a part made up 
of structural steel welded is from one-fifth to one 
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fifteenth the weight of the corresponding part made 
from casting. ‘The saving in cost of the finished 
part however, is not so great as this because the 
welding has to be done and in some cases there is 
preparation of the rolled steel parts to be done 
before they are welded. 

The pictures which are shown herewith will dem- 
onstrate that the total cost of the rolled steel structure 
welded as compared with the corresponding cast struc- 
ture, is from three-fourth to one-fifth the cost of the 
corresponding cast structure. This does not mean 
that all structures will eventually be made from 
rolled steel welded, but I think it is a safe state- 











FIG. 2. 


ment that at least 75% of the castings which are 
used now can be replaced by welded steel struc- 
tures at a saving in cost. The saving in first cost 
however, is not the only advantage to a manu- 
facturing concern of the use of this method—a num- 
ber of others are almost equally important: 

First: Less inventory is carried because it is 
self-evident that the cost of structural steel to 
produce a certain amount of finished product. will 
be but a fraction as great as the inventory to manu- 
facture the same parts from castings, both because 
of the less cost of the raw material, and also be- 
cause of the fact that the structural steel carried 
in stock would be applicable to many parts while 
a separate casting was to be made for each part. 

Second: ‘There is no scrap in the case of welded 
steel since if a mistake is made the part is merely 
re-welded and re-machined. 

Third: There is less freight cost in both the 
incoming and outgoing shipments. This is evident 
since from one-third to one-fifth of the amount of 
material is used for the same results. 

Fourth: It is easier to make up special designs. 
It is evident that in making a new machine from 
castings that complete pattern equipment must be 
first made up. This is expensive and takes a very 
considerable amount of time. Furthermore, in spe- 
cial designs the cost of pattern in many cases can- 
not be capitalized because the pattern will never 
be used again. 

Fifth: The cost of making the drawings is some- 
what less for welded structures than for castings 


because one organization handles the whole job 
with structural steel shapes welded, where if cast- 
ings are used the drawings must go to an outside 
organization. 

Sixth: Very much quicker delivery of new or 
special design. It is clear that a manufacturer mak- 
ing his product from structural steel shapes welded 
does not have the delay incident to the making of 
drawings for patterns, the making of the patterns, 
the making of castings. Therefore, the manufacturer 
making a special design from structural steel welded 
can make deliveries in from one-half to one-fourth 
the time that the manufacturer using cast iron parts 
could deliver the same new design made from cast- 
ings. 

Seventh: There is no breakage. The welded 
structural steel parts will not break, but a long, sad 
experience shows this same statement is not true 
of parts made from castings. 

Eighth: There is less storage expense since the 
steel can be stored in very much less space and 
also less quantities, for reasons that are very 
evident. 

The question naturally arises if there are all 
these advantages with this method of manufacture 
why has it not been generally adopted? The an- 
swer is that there are a number of very real ob- 
jections which must be overcome before full advan- 
tage can be taken of the new method, and these are 
chiefly the following: 

The appearance of the part made from structural 
steel welded is different from the appearance of 











FIG. 3. 


the same part made from cast iron, and therefore, 
to those who are not used to it, it is objectionable. 
What we are used to, looks all right, and what we 
are not used to, is objectionable. 

Some ten years ago the author took a_ trip 
through some of the Central American countries 
and on this trip visited Guatemala City, the capitol 
of Guatemala. This Central American country is 
probably the most progressive of the five Central 
American States, and Guatemala City is quite a 
modern town. In a public park of this city a num- 
ber of marble statues have been erected and of 
course in the most prominent locations in the park. 
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These statues are of ladies attired in the fashions 
of 1895. I know of no better way to get a laugh 
from this audience than to throw a picture of these 
statues on the screen if | had one, yet the same 
figures which would make a laugh now if shown 
were the height of fashion when these statues were 
placed in the park. Is it not reasonable to suppose 
that our notions of what a finished part should 
look like may not change as radically as our no 
tions of what looks well in dress have changed in 
the last twenty-five years? It is a rule which seems 
to me based on very sound reason that any part 
which is so designed as to do its work in the most 
effective and economical way, looks well. If this 
criterion is applied to the appearance of the parts 
made from structural steel welded, the appearance 
will be entirely satisfactory. The appearance of the 
welded structures to the people in the organization 
of the company with which the author is con 
nected, is usual now and entirely satisfactory. 

















FIG. 4. 


When we consider that the curves and fillets of 
the castings in general are not the result of desire 
on the part of the designer to make them that way 
in many cases, but are the result of foundry practice 
which makes it necessary for castings to be made 
that way so that they can be drawn from the mould, 
our point of view in connection with beauty may 
have to be revised. Structural shapes made into a 
bridge or a building are beautiful and are so recog 
nized by all of us. If castings with their rounded 
corners were substituted in these structures, they 
would not be beautiful, first, because we are not 
used to them, and secondly, because castings in 
these structures would not be the best design t 
produce the desired result. 

The second objection is that generally the welded 
steel design has a very much smaller cross section 
than the corresponding cast design, and it is im 
possible for the average person to get away from 


the idea that the casting is much stiffer and more 


rigid than the welded steel parts. 


As stated above, due to the very much greater 
tensile strength of steel as compared with cast iron, 


the part made from structural steel welded, will 
ordinarily be stiffer than the corresponding part 
made from castings, 


As a matter of fact, in the development of the 
all-steel welded motor now built by the concern 
with which the author is connected, the use of the 
angle iron rings on the stator was almost forced 
on us on account of the fact that it was impos 
sible to get castings rigid enough to stand the 
riveting strains which we wanted to impose on 
the cast iron end rings in order to make a rigid 
stator without breaking the cast iron end rings 
Since the change has been made from cast iron end 
end rings, the pressure on 


rings to welded steel 
was done, 


the stator end rings before the riveting 
has been increased about three to one. 

The chief reason why the are welding method of 
constructing parts of rolled steel has not been mort 
generally adopted, is the inertia that prevents most 























FIG. 5. 


of us from adopting something which is new and 
different from that with which we have been a 
customed. It is certain that more of the manu 
facturers of this country will be forced to this 
method of construction by competition than will 
appreciate its advantages and adopt this method of 
construction on account of its savings. High speed 
steel came into general use because manufacturers 
had to adopt the new steel or go out of business, 
because the use of high speed steel cut the cost of 
manufacturing to such a great extent. The use of 
arc welding in the construction of parts is, as I see 
it, about where the use of high speed steel for tools 
was five years after Taylor developed high speed 
steel for cutting tools. 

\nother objection to the adoption of any new 
method is that the organization that is going to 
use the new method will have to become acquainted 
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with it, with its possibilities, and its limitations, and 
this is a real objection to its introduction in any 
organization even though the executives may be 
convinced that the new method will eventually have 
to be adopted. 

In general, the way to start the introduction of 
this new method is to take some few parts, perhaps 
only one part which is giving trouble because of 
difficulty in machining or service, and change it 
over to are welding. After this, other parts will 
suggest themselves as being proper for redesign. 
In this way the whole line of parts can be re- 
designed. This process is what we call “becoming 
welding-minded.” Welding should be thought ot 

















FIG. 6. 


as a ‘new tool of great assistance to the manu- 
facturer—not as an upheaval which will change all 
methods in doing this work. 

Nothing has been said so far of the comparison 
between the riveted and welded structures. In this 
case the fundamentals are as follows: <A _ single 
lap riveted joint has an average strength of 50% 
of the sheet joined—a double lap riveted joint has 
a strength of approximately 70% of the sheet joined 

it is impossible to make a riveted joint as strong 
as the metals joined. In general, the cost of pro 
ducing a structure by welding is less than the cost 
of producing the same structure by riveting. A 
railroad bridge recently erected in Massachusetts 
used eighty tons of steel, where the corresponding 
riveted structure would have called for one hundred 
and twenty tons. 

\ number of structural steel buildings have been 
erected within the last few years by welding instead 
of riveting. \fter these structures have had the 
test of time for a few years, industry will accept 
the savings which welding makes possible and the 
welding process will be used in replacing riveting 
where it can be done with a saving in the resulting 
total cost. 

\nother item which has not been touched on is 
automatic are welding. Automatic are welding is 
applicable in many cases where duplicate structures 
are produced in quantity. The cost of automatic 
arc welding in most cases is from one-fifth to one- 
half the cost of doing the same work by hand. At 


the same time the work is more uniform and in 
general has better appearance. ‘The use of auto- 
matic welding will, of course, tend to very greatly 
reduce the cost of welded structures as compared 
with the method used generally at the present time 
of hand welding, or to put it another way, the use 
of automatic are welding will tend to still further 
reduce the cost of parts made from structural steel 
by arc welding as compared with the same parts 
made from castings. 

It is evident that this manufacturing method will 
be adopted universally within a comparatively short 
time. It is as sure to come as the turbine was in 
displacing the reciprocating engine; as the steam 
ship to replace the sailing ship; of the machine gun 
to replace the rifle; of high speed steel to replace 
common tool steel; of the automobile to replace 
the horse. 

It is also self-evident that the manufacturer who 
first adopts this method and develops it, will reap 
the greatest advantage. As an average, it is safe 
to say that any manufacturer who is now making 
machinery of any kind from castings can save at 
least 20% of his present cost by going to this new 
method. 

In a few years the application will become so 
general that those who do not do it must of neces- 
sity be forced out of business, and those who do it 
at that time will only be meeting the methods al- 
ready adopted by their competitors and, therefore, 
the use of the new method will not save them any- 
thing as compared with costs as there will be at 
that .time. 

It has been said that successful manufacturing 
consists of a state of mind—any manufacturer who 
adopts the attitude that manufacturing methods are 
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any more than a temporary makeshift, is doomed to 
failure. The successful manufacturer is the manu- 
facturer who is able to adopt new processes and 
methods first, in other words, he must adopt the 
point of view that every manufacturing method in 
his work is wrong and that his job is to find how 
a new method can be devised to replace his present 
one, and in so doing he is leading his field and he 
will therefore be successful. 

There is a tremendous need at the present time 
for the development of engineering in connection 
with welding. Methods of forming, methods of 
welding, designs for the minimum cost, are wide 
open fields in which but a small amount of work 
has been done and then by very few companies. 
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In this field is the greatest opportunity for engineer- 
ing talent that now exists—it would seem to me 
that this would be an inspiration particularly to the 
younger generation of engineers for in this is the 
opportunity which they have dreamed of from the 
first. 
DISCUSSION 
A. J. Standing*: The trip this afternoon both to 
the Cleveland Crane & Engineering Company and 
the Lincoln Electric Company, added materially to 
our store of welding knowledge. 


Our welding in the steel plants has long been 
a tool of considerable value from the maintenance 
standpoint and is now coming into its own as a 
production tool. We in the steel plants have largel) 
made use of it, however, as a repair tool. The 
Welding Committee, which we formed in the Asso 
ciation will correlate the various data which has been 
established by each electrical department in_ the 
steel industry into a tabulation so we can gain from 
the experience of others without the tedious process 
of going through the mistakes and failures which 
each one of us has had so far. 

Mr. Lineoln had an editorial in the April issue 
of the Iron and Steel Engineer, in which he stressed 
the relation between the tonnage of castings and 
the possible tonnage of structural material which 
would replace those castings were it possible to be 
converted entirely to welding. I think one of our 
jobs is to sell this idea to our companies and at the 
same time sell that additional tonnage of structural 
steel. 

One problem of welding as applied in the steel 
plant is the proper application of various types of 
welding. We have heard today primarily of elec 
tric welding, whereas in our work in the plant we 
come in contact with the gas welding in its various 
forms and electric welding with both carbon and 
metallic electrodes. Some of us think each type has 
its own specific field where it is more efficient than 
in the other types. That is largely a matter of 
opinion. 

One thing we all have to do is to overcome a 
certain amount of prejudice which now exists against 
welding, prejudice in the minds of the men in our 
various plants who have been loath to see thing: 
done the new way. In order to overcome this, our 
procedure in welding must be careful and cautious, 
and we must make every effort in order to be sue- 
cessful, because the smallest chance of failure will 
be greatly multiplied. There is also a tendency t 
forget that failures have occurred in riveted, cast 
and other types of structure. 

In connection with welding, we must not only 
be able to predict the result with a reasonable de- 
gree of certainty, but we must obtain those results. 
That involves welding equipment of high character, 
but it also involves primarily welders, because in 
spite of all the equipment, we still appreciate the 
fact that today about 85 per cent of a good weld 1s 
up to the welder. 

That means that in the steel plant or in any 
plant of maintenance or production work, we must 
train and develop welders so we will have men who 
can consistently repeat given results. 


*Elec. Supt., Bethlehem Steel Company, Bethlehem, Pa 


There are two ways of getting welders. One is 
to take a cast-off welder from somebody else, with 
all his faults and failures, for which he was prob 
ably fired some place else. The other method is to 
develop your own welders. I think the latter proce 
dure will be found to be more satisfactory, par 
ticularly if we are fortunate enough to have some 
man in our organization who is capable of over 
secing and instructing the proper application of 
welding. 

That brings up another point upon which I want 
to touch, so the various points will be brought out 
in further discussion. That is the fact that welding 
has to a certain extent entered our colleges and 
should enter to a much larger extent. ‘The tech 
nical graduates today should be familiar with weld 
ing before they meet it in the field. They should 
have an opportunity in college to analyze the pro 
cesses of welding so when they come into the in 
dustry they will be in a position to step in and 
understand welding in its application and design. 


It was my privilege recently to attend a welding 
symposium in one of the eastern universities, to 
which the various manufacturers contributed their 
share, both in equipment and demonstrations, so the 
students who attended that day’s session had a very 
good panoramic view of welding and its possibilt 
ties. Those boys will, therefore, go out with some 
idea of what a welded job looks like, rather than 
meeting it absolutely uninitiated when they get out 
to actual practice. 

\nother feature which I think is important is 
the fact that the engineers who design structures 
will, as Mr. Lincoln put it, have to think in terms 


of welding. The tendency, of course, will be to take 
the old design and weld it. That may or may not 
be the best procedure. It may be that a new de 


sign will have to be conceived which will adapt 
itself primarily to welding. 

[ think that is particularly true in connection 
with the structural field. 

There is one other big feature in structural weld 
ing, however, that is gradually being overcome. 
That is the building codes of the various cities in 
which the city engineers will have to be sold on the 
safeness and reliability of welding of structural steel 
buildings before we can expect that these methods 
will be adopted in the codes of the various cities. 


[ think there is unquestionably a great deal of 
welding talent in this room, and it would be very 
interesting to hear the discussion which will come 
up on these various points. 


E. L. Upp*: Mr. Chairman and Gentlemen: | 
have nothing in particular to add to the discussion, 
except that we are very keenly interested in electri 
welding at our plant, and I am devoting quite a 
part of my personal time lately to learning all | 
can about it. I very much appreciate the oppor 
tunity of being here tonight and feel that I have 
gained considerably. 

The electric welding of tubes at the present time 
seems to be making quite an advance, but will re 
quire some little time for consideration as to whether 
it is good or bad practice. We have not gone far 
enough to know, as yet. 


*Elec. Ener., National Tube Co., Gary, Ind 
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W. G. Wehr*: Mr. Chairman, you have all seen 
our welding out there. I think that is the biggest 
part of the story we have to tell. 

But there is one suggestion here. It has been 
said that about 85 per cent is up to the personal 
man. I think that is true in lots of other crafts, 
but we don’t recognize it as such. It is true that 
if you get into welding you have trained welder, as 
you have a trained machinist, a trained roller or a 
trained electrician. It is a new art to us. We are 
not familiar with it. We think it is greater than 
any of the other crafts. 

‘I think if you go into it as deeply as we have, 
you will find that it isn’t any more difficult to 
obtain an individual skilled in that art, to produce 
satisfactory welding than it 1s to operate any ma- 
chine or operate a rolling mill or any other equip- 
ment. 

That is all I have to say. 

J. C. Cumberland}: [| should at least have had a 
little warning here because this is very much of a 
| hope you didn’t intend for me to an- 


surprise. 
nent 


swer those questions you raised in your statem 
just now. You have certainly opened a wide field 
in the welding of steel and the diameter ot rods, 
and so on, 

There is one thought though that I have which 
is more or less along the line of what the repre- 
sentative of the Cleveland Crane & Engineering 
Company mentioned. That is the personal element 
in welding; the human equation. 

You have heard so much about it recently and 
all the stress seems to be laid upon the poor welder. 
You harp upon the idea that he must be a hundred 
per cent man, that he must be first-rate in every 
respect. 

[ don’t believe you can draw a single parallel to 
that in any other line of work, except possibly the 
artist. The human element, in my mind, lies en- 
tirely with you men here tonight, you men who 
are in the executive positions and in the advisory 
positions, to make sure that the operator has the 
proper equipment to work with, the proper material 
to work with, and supervision to see that he does it 
in the correct manner and in the most up-to-date and 
most recently-developed methods. 

Other than that, I don’t think I have anything 
to add to the discussion. 

S. L. Henderson$: I do not believe I can add 
anything of value to what has already been said. 
| have the pleasure of being with the gathering this 
afternoon and I was very much interested in the 
several large welded pieces I saw, and from all ap- 
pearances they looked perfect. I think we have just 
scratched the surface of welding but it is rapidly 
coming to the front, and without doubt has become 
an important factor in plant maintenance. We find 
it possible to weld a particular piece or plate in 
place thus saving considerable labor and time in 
making repairs. 

Grover Hughes§: Mr. Chairman, to increase the 
confidence in welding, I might say that at the be- 
ginning of the World War, the Russian Government 


+Welding Engr., General Electric Co., Philadelphia, Pa. 

tElec. Supt., Central Furnaces & Docks, American Stcel 
& Wire Co., Cleveland, O. 

§Truscon Steel Company. 


made a request for bids on hospitals that might be 
of a portable nature. The specifications were very 
rigid. 
In December of 1914, the Truscon Steel Com- 
pany designed and in 1915 delivered to the Russian 
Government the first 100 per cent all-welded all-steel 
buildings that were ever put on the market. That 
was the beginning of our standard steel buildings 
that have been developed and that have stood the 
test of over 13 years. 

At the beginning those buildings were welded 
entirely by the resistance method of welding which 
was spot welding and butt welding. Since that time 
larger structures were required and are welding has 
taken the place to a large extent. However the 
roof trusses are still being spot welded instead of 
using rivets as was the first design in 1915. 

In 1919 a crane runway was installed in a build- 
ing that was erected in 1912. The brackets were 
arc welded to columns and mill length I beams 
use for crane girders. The I beams were arc welded 
to the brackets and splices of these beams were arc 
welded much to the manner of fish plates on rail- 
road rails. The rails were laid on the I beams and 
welded with a four inch bead every thirty inches, 
on each side of rail. 

In 1924 this runway was increased from 618 feet 
to 1,400 feet and is in perfect condition after a 
period of nine years. Showing are welding if 
properly done will stand the severe tests of crane 
service. 

This runway has three three-ton, forty foot span 
cranes, 450 feet per minute bridge travel, 50 foot 
hoisting speed per minute and trolley speed of 
200 feet per minute full load. Of course larger 
cranes would require larger structural members but 
this runway has stood the tests of time and is in per- 
fect condition. 

E. H. Martindale*: I don't know anything about 
welding. As Will Rogers says, “All I know is 
what I read in the paper.” : 

I would like to ask Mr. Lincoln the relative 
merits of D.C. and A.C. welding, both as to oper- 
ation and quality of finished welds. 

J. Lincoln: I think that those who have had 
experience with both classes and both methods of 
welding will grant that the D.C. machine produces 
on the average a better weld. 

One reason for that is this: As you know, when 
an are is drawn, more heat is developed at one 
electrode than at the other. In the case of a carbon 
arc, the positive terminal is very much hotter than 
the negative terminal. In the case of the metallic 
arc, the same thing is true to a less extent. So I 
imagine the heat at the positive crater in the 
metallic are would be represented by 60, while the 
heat at the negative crater would be represented by 
about 40. 

It is quite evident that you want your heat on 
the work because the work has a very much larger 
cross section than the electrode. By having direct 
current you can get your heat to a greater extent 
on the work than you can with the alternating cur- 
rent where the heat from the nature of the case 
must be equally distributed between the two ter- 
minals. 





*Gen. Mer., Martindale Electric Co., Cleveland, O. 
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Grover Hughes: Mr. Chairman, we have about 
80 arc welders in the plant, of which about 29 are 
D.C. and the remainder are A.C. The A.C. is a 
little speedier, and from actual tests as far as ap- 
pearance and strength of weldings is concerned, | 
don’t see any difference. 

But the power company raises a great question. 
Inasmuch as the A.C. welder has a very poor power 
factor, it is necessary that you add a static con- 
denser at the welder, so the cost of the two ma- 
chines, when you get them together, is about equal, 
as far as our experience has been, and I would say 
that the service on one is as good as the service on 
the other as far as our work with the A.C. is con- 
cerned. It is a little speedier but you are running 
into some trouble with the power company, owing 
to the fact the power factor of the A.C. welder is 
low and a static condenser is needed for the cor- 
rection. 
. C. Cumberland: I would like to ask Mr. 
Hughes how he can explain that the A.C. is speedier 
since the positive side of the arc is twice as hot as 
the negative side in direct current. 

Grover Hughes: That is a very simple proposi- 
tion. The only thing you have to do is find out the 
KWH input in your A.C. and D.C. welding ma- 
chines then measure the lineal inches of deposited 
metal on each machine, then by comparing results 
you arrive at the answer to your question. This 
is the way we did it in Youngstown. Try it. 

In regard to this theory about the positive side 
of the arc being twice as hot as the negative side, 
I would have to see more positive proof before | 
banked on that very heavily. As the literature of 
your company estimates the are temperature. Dut 
the actual number of inches that a man will lay 
down with a given KWH energy consumption with 
the A.C. welders in our plant is greater than the 
number of inches he will lay down on the D.C. 
welders. That is the way I find that the A.C. 
welder is speedier than the D.C. Welder. 

E. W. Henderson*: It happened that a few days 
ago I had the honor, or the duty, of preparing a 
committee report for one of the national societies, 
and in getting together data for that report I was 
surprised at the large amount of welding which has 
been done in the last year. It is remarkable in the 
diverse applications and number of applications. <All 
electrical machine manufacturers are using it more 
and more each year. 

[ am present at your meeting as a guest, and if 
my associate guests will permit me, I would like 
to express our thanks to the Association of Iron & 
Steel Electrical Engineers for a very enjoyable and 
profitable evening. 

J. S. Lincoln: We have heard with a great deal 
of interest the remarks of Mr. Hughes on A.C. weld- 
ing. If Mr. Hughes is correct in his statement then 
a very serious injustice has been done to the Steel 
Industry in selling them D.C. equipment. Not only 
this, but all manufacturers of D.C. welding equip- 
ment and all purchasers of this type of equipment 
have made a similar mistake. 

However, in view of the fact that probably 90 
per cent of all welding in use today and of all 
welders being manufactured today are D.C., we feel 
sure that Mr. Hughes must be in error in his deduc 


"Reliance Electric & Engineering Co., Cleveland, O 


tion, and I am inclined to believe that Mr. Hughes 
is just a little over enthusiastic as I have understood 
that he is the designer and builder of the A.C. ma- 
chines which he has in use in his plant and naturally 
a father is prouder of his own son than anyone else 
can be. 

[ have also understood that Mr. Hughes com 
pany have later purchased some D.C. equipment in 
preference to A.C. 

| think that I am perfectly safe in saving if you 
would ask 1,000 operators who had had experience 
with both A.C. and D.C. welding that 95 per cent of 
them would tell you they could do faster work, bet 
ter work and certainly much neater work so far as 
appearance is concerned with D.C. 

In this connection it may be of interest to state 
that several years ago we purchased some top boxes 
for our own plant. The appearance of the welding 
was very severely criticized by our Manufacturing 
Department and our Purchasing Department in tak 
ing this up with the representative of the Hughes’ 
company received the answer that this work should 
not have been done with A.C. welding equipment and 
as every one knew you could not do the same 
quality of work on this as you could with D.C. 

A. G. Place*: Is there any further discussion? 
lf not, I think we will all join in thanking Mr. 
Lincoln and the members of the Cleveland Section 
for this day and evening on welding. Welding 
seems to be growing so rapidly and making so much 
progress that facts that are only thirty days or sixty 
days old, sometimes are already obsolete. It is hard 
to keep up with the procession on welding right 
now, the way it is sweeping all over the country, 
and it looks as if it were going to increase very 
rapidly. 

One of the things the Association wants to do 
is to correlate the facts on welding. I think we 
have made a good start tonight, and I think next 
time we will have more facts to present. 





MARTIN J. CONWAY 


M. J. Conway, Combustion Engineer, Lukens 
Steel Company, Coatesville, Pa., and Chairman of 
the Combustion Engineering Division of the A. I. 
& S. E. E., who has just returned from an extended 
trip through the various countries of Europe. 
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Symposium High Tension Insulators 


The following symposium covering High Tension Insulators was prepared by the leading in- 
sulator manufacturers of the United States with a view of assisting the Iron and Steel Industry 
in all future installations of this character. 

With the increasing use of High voltages in the steel industry and the closer form of co- 
operation between the central stations and the power plants of the Iron and Steel Industry, the 
Association of Iron and Steel Electrical Engineers are anxious to obtain for their transactions, 
data and information concerning the distribution of electrical energy, especially at the higher 


potentials. 


A close analysis of these papers will reveal many interesting features and is worthy of con- 


tinued reference and use. 


The titles of the papers along with the names of the authors are presented herewith: 


“Hardware and Insulators,” by D. C. 
Light Company, Pittsburgh, Pa. 


“Transmission Hardware and Insulation Troubles,” by A. N. 


Hopper, Supt. Overhead Lines Division, Duquesne 


Cartwright, General Suft. 


Power Division, West Penn Power Company, Pittsburgh, Pa. 

“Transmission Line Insulation and Overhead Ground Wires,” by W. W. Lewis, Engineer- 
ing Dept., General Electric Company, Schenectady, New York. 

“Mechanical Design Characteristics of Insulators,” by G. M. Barrow, Mgr. Engr. Depft., 
Westinghouse Electric & Mfg. Company, Derry, Pa. 

“Dirt on Insulators,” by G. W. Lapp, Chief Engr., Lapp Insulator Company, Le Roy, 


New York. 


“Protection from Flashovers,” by H. B. Vincent, Manager, Field Engineering Service, The 


R. Thomas & Sons Company, East Liverpool, O. 


“Protection of Transmission Lines,” by D. H. Rowland, Research Engineer, Locke Insulator 


Company, Baltimore, Md. 


Editor. 


Hardware and I[nsulators* 


By D. C. HOPPERt 


Summary 


The following requirements and other factors 
affect the selection, design and use of hardware and 
insulators: 

1. Complete and accurate information of the serv- 

ice conditions. 


the hardware and insulator. 

3. Use only the necessary auxiliary protective 
equipment. 

|. Select for slow ageing. 

5. Make the conductor attachments as few as 
possible. 

6. Avoid) material which will radiate electric 
waves. 

?. Standardize hardware so as to be interchange- 
able. 

8. Small in size and light in weight as possible. 

9. Simple, accurate and thorough tests when new 
and throughout service. 


History and Importance of Hardware and Insulators 


usually extremely high grade and compare very 
favorably with any other dependable product 
used in electrical work, realizing that no product 
made by man and machine is perfect. This cannot 
be said, however, of some of the hardware and in- 
sulators which were manufactured during the last 


OP cone day line hardware and porcelain are 


*Presented before Pittsburgh District Section, A.L.&S.E E., 
March 3, 1928 

+Supt. Overhead Lines Division, Duquesne Light Co. 
March 3, 1928. 


2. Uniform electrical and mechanical strength of 


twenty-five (25) years. In fact, there were times 
when electrical men believed that the porcelain in- 
sulator, especially the suspension type, would never 
be satisfactory. Research work in the ceramics of 
porcelain, improvements in hardware design and ma- 
terials used, and analyzed facts produced by the 
operating engineer have all helped the manufacturers 
to assemble porcelain and metal into a complete in- 
sulator that ranks today as one of the most reliable 
parts of the electrical transmission system. 

During the early period of insulator development, 
neither the electrical nor the mechanical require- 
ments of insulators were very rigid because the 
voltage applied was low. Hence, there was no real 
need for a refined product to operate on low voltage 
lines, having short spans and small conductors. The 
increase in operating line voltage during the last 
twenty (20) years created the demand for larger 
and better insulators. 

With the suspension insulator, developed about 
1908, came lines of higher voltage; the pin type in- 
sulator having a limited application to transmission 
systems of 66 kv and below. 

From 1913 to 1915 a great improvement was 
made in the development of insulators and hard- 
ware, as a result of the very serious failures in at- 
tempting to operate higher voltage transmission lines. 
The electrical, mechanical and ceramic engineers 
made an extensive study of the cause of these fail- 
ures and the insulator manufacturers, through scien- 
tific analysis and experimenting, developed the manu- 
facture of the ware and the assembly of the units 
to a more reliable product. Since then, very definite 
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and complete analyses have been made of insulator 
failures and a porcelain product has been developed 
which is very reliable. 

The manufacturers, since 1920, knowing the fun- 
damental characteristics of insulators and transmis- 
sion lines, have given their attention more particu- 
larly to further refinement of the porcelain assembly, 
with the result that the product is of a very high 
grade, both electrically and mechanically. 1 thor- 
oughly believe that the insulator will eventually be 
the most satisfactory unit of a transmission line. 

In the design of an insulator, different parts can 
be made almost 100% perfect, but an assembly ot 
the perfect units must by necessity, be a compro- 
mise; for instance: It is necessary to sacrifice some 
of the flashover values to gain strength or to de- 
crease weight. Accepting these limitations and han- 
dicaps, I propose, in this paper, to outline the de- 
sired requirements fundamental to insulator design 
and associated hardware which will provide for the 
best operation of an electrical transmission system. 

If an insulating material (the insulator and its 
hardware attachments) could be obtained with prac- 
tically no weight, which occupies very little space, 
having all the mechanical strength needed, which is 
indestructible under arc, age or weather conditions 
and with infinite resistance, the operating engineer 
would have a grand and glorious feeling, the insu 
lator manufacturer could get only new_ business, 
since there would be no breakage or replacements, 
and the customers or users of electricity would never 
have an outage or shutdown which is caused by poor 
insulation. 

We have reached the present art of the industry 
through the process of elimination because there are 
so many things to influence the life, strength and 
other properties of materials. 


FACTORS AFFECTING THE DESIGN AND USE 
OF HARDWARE AND INSULATORS 

1, Climatic and Service Conditions 

The rapid growth of electrical systems and the 
increasing capacity supplying these systems have 
made it very difficult to anticipate future require 
ments over a longer period than a few years. As a 
first requirement for the specifications of any elec- 
trical system, it is necessary to design electrical 
equipment, not only to withstand the normal re- 
quirements, but with a sufficient factor of safety to 
withstand the varying moisture, wind, temperature 
and sleet conditions, together with impact and vibra- 
tion stresses and dirt, smoke, acidic or other atmos- 
pheric conditions which may prevail. Knowing the 
topography of the country and the service expected 
of the electrical equipment, the design sometimes 
becomes a matter of compromise between the first 
cost of the equipment and the operating and service 
interruption expenses. Living conditions today are 
becoming more and more dependent upon a continu- 
ous supply of electrical energy, whether this be be- 
tween the power plant and the various consumers of 
the central stations or between the power plant and 
the various mills of the steel and other industries. 
An interruption of service in any case will result, 
not only in a serious delay in plant or mill produc- 
tion and damage to material in process, but also will 
involve the cost of making repairs, all of which af- 
fect the economic and social conditions prevalent at 


the manufacturing plants and the employes, further- 
more the public concerned, may develop a_ hostile 
attitude towards the company supplying the electrical 
service. \Vith these things in mind tne size of the 
conductors, spacing of the supports and the spacing 
between conductors is more or less a compromise 
influenced to a greater degree by a guess as to the 
future demands which may be placed upon the elec- 
trical lines, power and sub stations and transformers 
connected thereto. 


2. Strength of Materials 

All hardware, porcelain and other materials, 
whether separate units or an aggregation of units, 
should have a uniform strength, continuous through- 
out its life of usefulness or over a definite period of 
years. This strength should be equal in any posi- 
tion to that of the structures, conductors or other 
auxiliaries forming a part of the transmission sys 
tem, even though subjected to the constant abuse of 
lightning, storms and extreme weather and tem 
perature conditions previously mentioned. The elec- 
trical characteristics of insulators, such as puncture 
and flashover values are very important and should 
be of a larger value than the surrounding air, which 
after all is the limiting factor of the voltage which 
may be successfully applied. 


3. Auxiliary Protective Equipment 

To prolong the life and strength of conductors 
where attachments are made and to protect the in 
sulation and hardware from the intense heat and 
power arcs, and to add dependability for continuous 
service, especially designed protective equipment, is 
often used, such as, lightning arresters, overhead 
ground or static wires, arcing horns, arcing rings 
or arcing shoes, insulator flux control, and graded 
insulators for voltage distribution. The purpose of 
the protective or auxiliary equipment is to improve 
service. The first cost and maintenance of protective 
equipment, the advisability of installing more and 
larger protective units, and the seriousness of service 
interruptions are complex and difficult problems; 
problems which can be solved only by close co-op- 
eration between the user of electricity and the com- 
pany supplying the electrical service, where all the 
facts are fairly and accurately presented and hon- 
estly analyzed. 


4. Deterioration and Ageing 


The continuous attacks of the bitter wind, sleet, 
acids, smoke, temperature cycles and other ageing 
or weathering combined with the electrical and me- 
chanical stresses and system capacity are the actual 
influences which determine the life and durability 
if the hardware and insulator. The mechanical and 
electrical strengths of the new material and the 
effect of deterioration over a period of years establish 
over-all dependable characteristics or life which may 
be expected. By cleaning and resurfacing, deterio- 
ation of materials can be lessened and the useful life 
prolonged, but this is an operating expense which, to 
a certain extent, can be economically reduced through 
the use of better materials, having a greater first 
cost. 

The deterioration of the hardware and insulators 
should not shorten the over-all life of the line. The 
painting of hardware and the periodical testing of 
insulators are the operating methods of extending 
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the life of material and detecting bad insulators, 
which insulators can be replaced prior to failures or 
to service interruptions. Commercial test sets are 
on the market for making insulator tests on both pin 
type and suspension insulators. Soot, smoke, cement 
and other deposits on the insulators can sometimes 
be removed by cleaning, otherwise the remedy is a 
new insulator. 


5. Frequency of Attachments 

If electrical conductors could be suspended per- 
manently in air without supports, the problem of in- 
sulation would be solved, but to date no one has 
perfected a gravity resistance device; therefore, points 
of support are necessary and experience shows that 
the fewer the number of attachments made to an 
electrical conductor, the less the number of failures. 
Realizing that there are definite limits to the strength 
of conductors and of supporting towers, it becomes 
a compromise as to the most satisfactory spacing of 
insulator attachments or supports. The tendency 
has been to use larger and stronger conductors, 
fewer and stronger towers, higher and higher volt- 
ages requiring insulators of greater mechanical 
strength and more dependable electrical characteris- 
tics, which, stated in the well known language of 
business means—more service and more power for 
less dollars, and more kilowatt hours per dollar of 
investment with a lesser number of service inter- 
ruptions. 


6. Radio Interference 

In the past few years another development of the 
electrical art has added to our problem—radio com- 
munication. Space voice communicating systems are 
extremely sensitive to electrical energy dissipation 
and the radio receiving set will sometimes pick up 
most of the electric waves within the frequency 
range for which the set is designed. The greater 
the sensitiveness of the radio set, the more and 
louder the squeaks and squeals. The radio squeaks 
and squeals may come from very many sources and 
some do come from the transmission lines. Small 
pin points on conductors, insulators and ungrounded 
hardware, loose cotter pins, bolts and other hard- 
ware attachments may send out, under certain con- 
ditions, noises into the air or along a conductor, 


which will interfere with the reception by the public 
of radio broadcast programs. Also, excessive corona 
losses may seriously affect radio receiving sets which 
are located near a high voltage transmission line. 


7. Assembly and Interchangeability 


Hardware and insulators should be of a standard 
design to permit interchanging them on parts of the 
same or different electrical systems. The rapid ex- 
pansion of the electrical systems (whether the sys- 
tems of industrial plants or of the central stations) 
has made it very desirable to carry a minimum stock 
of insulators and hardware, which will fit anywhere 
on the systems and which can be replaced in a mini- 
mum amount of time, with the least expenditure of 
labor. 

The seriousness of the lack of standardizing may 
be likened unto an auto with four different size 
wheels and tires. The chauffeur must carry four 
spare tires to protect him from a long delay in mak- 
ing repairs. 


8. Size and Weight 


It is advantageous to use materials which have 
the required strength and other requirements previ- 
ously mentioned; that are lightest in weight and 
size, with sufficient ruggedness to prevent breakage 
when reasonably handled, in order to reduce trans- 
portation expense and insure convenience in handling 
and replacing without damage. All other things 
being equal, the material with the greatest salvage 
value is preferable. 

9. Testing and Operating Records 

Materials which may be easily tested electrically 
and mechanically are desirable. This principle also 
applies to ageing tests of material to insure the best 
design for the requirements. Simple and uniform 
methods of testing which are easily understood by 
the average person have decided advantages because 
it is difficult to compare test data made under dif- 
ferent mechanical or electrical set-ups. It is equally 
important to keep operating and service records of 
insulators after they have been installed, and to co- 
operate with the manufacturer when any trouble or 
difficulties arise. 


Transmission Hardware and Insulation Troubles* 


By A. N. CARTWRIGHT? 


HE Association of Iron and Steel Electrical 
‘3 Engineers has a manner of doing things and 

bringing together the best of talent that the 
field has to offer. It is not, within my memory, 
that any group or body had for its speakers the 
array of manufacturers’ engineers of the calibre 
assembled by this Association and it is therefore 
with pleasure that I represent the West Penn Power 
Company in my capacity to assist in this program. 


*Presented before Pittsburgh District Section, A.I.&S.E.E., 
March 3, 1928. 

*+General Supt., Power Division, West Penn Power Co., 
Pittsburgh, Pa. 


My function in this talk is to develop features 
of the insulation and hardware situation which have 
to do with troubles of the product or the applica- 
tion of the product of the various manufacturers 
here represented. 

[ think I have a fair understanding of the prob- 
lems and I know I have a sympathy for the manu- 
facturers in their attempt to overcome the problems 
with which they have to deal. 

The very nature of the insulating medium is 
such that it requires a thorough knowledge and a 
never ceasing vigilance to produce a product with 
the degree of uniformity which they are now doing. 
The limits of tolerance are within such a narrow 
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band that very costly losses may result from a 
slight slip any where along the line of manufacture. 
The advance that porcelain manufacturers have made 
in their product is such that poor porcelain is a 
rare occurrence. It is, therefore, without any malice 
or any intentional breaking down of the confidence 
which certain products enjoy, that I am about to 
present the following. 

Distortion of pin holes causes difficulty by not 
allowing the pin to seat properly. Insulator cocking 
over where the soft metal thread is used causes 
cold flow of metal, the whole structure assembly of 
pin and insulator being weak. 

Insufficient droop of the top petticoat to allow 
clearance of the conductor when used on hillside or 
on long spans is sometimes responsible for the top 
petticoat breaking off and is always responsible for 
unnatural stresses in the insulator assembly. 

Poor mechanical design of the tie groove either 
making a poor tie connection or possibly being 
weak and corner lip of the tie groove breaking off 
either in the process of making the tie or under 
severe strain conditions. 

Radius of the tie groove is sometimes not suffi- 
cient to seat conductor in the bottom of the tie 
groove when used on angle positions. This causes 
a shearing off of the head or a portion of the head 
of the insulator. 

Mechanical failures of the insulator due to as- 
sembly faults. These failures occur from insufficient 
allowance for expansion of the various assembly 
parts such as hardware, cement, and porcelain, 

Mechanical failures due to inherent properties or 
design of insulating medium due to thermal changes. 

Mechanical assembly suspension insulators to 
allow for buckling of string as in the case of broken 
conductor without damage to insulator shells. Lack 
of this feature is responsible for considerable break- 
age during erection. 

Design of insulator and assembly in a manner 
that will render them radio interference proof. 
NOTE: Dissipated energy from even a loose cotter 
pin may cause radio interference several miles away. 

The above are all features of mechanical design 
in various makes and designs of insulators at dif- 
ferent times. 

Damage by flash-over to insulators is responsible 
for many extended interruptions. An insulator that 
will continue to function even when wet at normal 
line voltage after flash-over has occurred has a very 
great value over the insulator which will require 
the line to remain out of service after flash-over has 
occurred. Flash-overs causing damage to the ex- 
tent of dropping the line have occurred. 

Dirt, acid or metallic fumes are responsible for 
high fatality of insulators in some districts. This 
particular feature has been given only limited at- 
tention in the design of insulator units, that is, to 
give sufficient operating values under these condi- 
tions or to lengthen cleaning or changing period to 
a reasonable degree. Surfaces of present insulators 
are such that considerable difficulty is encountered 
in cleaning of the units. Normal design of in- 
sulators is such that it acts as a precipitator causing 
dirt and various foreign objects in the atmosphere 
to be thrown into normally protected area and de- 
posited on the surface in such manner as to render 
absolute cleaning almost impossible. 





Wooden pins have certain advantages over steel 
pins. These advantages are more or less offset by 


pin digestion or pin burning. Certain insulators 
have better features from one or the other of these 
standpoints but few have both features. 


On devices for protection of suspension strings 
from flash-over, we will no doubt hear considerable 
today. 

West Penn’s experience is such that we do 
know that the ordinary type of arcing horn that is 
offered by practically all of the manufacturers is 
not the remedy for rendering insulators immune 
to damage by flash-over. 

Leaving the line type of insulation and thinking 
of bushings for switches and transformers which are 
very frequently operated as a unit with the line, 
we probably have a higher unit failure than any 
other type of insulation. This high percentage of 
failure occurs even with increased vigilance because 
it is a recognized weakness. The type of insulation 
which calls for this insulation measurement on a 
monthly basis is far from being ideal. Even with 
a program such as this the bushings which last 
Saturday might have meggered infinity, might to- 
day megger 30 megohms. 


From the hardware standpoint the protective 
coating is and will be responsible for the greatest 
loss of money and, although not leading directly to 
line failures, it still requires line outages for re- 
placement after hardware has deteriorated to a point 
where it is deemed unsafe to remain in service. 
Just ordinarily good galvanizing is not good for ten 
years’ service in the ‘best of atmospheric conditions 
surrounding the industrial center of Pittsburgh. If 
additional life beyond that of protective coating is 
considered, attention must be given to the materials 
which go to make up the hardware from the cor- 
rosion standpoint, 

The effect of the hardware on conductor must 
be considered only when used in connection with 
suspension type of construction. Roughness in the 
clamps will cause serious injuries and abrasions. 
The electrolysis between conductor and hardware is 
also a serious item, especially in the presence of a 
polluted atmosphere. The sudden dampening of 
vibration is responsible for a number of failures and 
very considerable money expenditures and line out- 
ages occurring while correcting this condition. 


This makes a rather formidable array of troubles, 
many of which can be laid at the door of the in- 
sulator and hardware manufacturer, but also many 
can be laid at the door of the design engineer him- 
self. 

There is information available at the present time 
to materially assist the design engineer in his own 
specific problem if he will but take advantage of 
this engineering information. The insulator manu- 
facturers have collected a valuable fund of data 
from operating experience and laboratory tests. 
While some of this data is contradictory in some 
points with different manufacturers it is still pos- 
sible, with the particular objective to be obtained 
and fair knowledge of all factors entering into the 
problem, for the engineer to be very materially as- 
sisted in making selection of devices for his par- 
ticular use. 
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Transmission Line Insulation and Overhead 


Ground Wires * 


By W. W. LEWIS? 


URING the past few years the great majority 

of overhead transmission systems in this coun- 

try have grounded the neutral, either solidly 
or through a moderate resistance. Overvoltages due 
to arcing grounds on such systems are practically 
absent. Overvoltages due to switching are in gen- 
eral no longer feared on systems with modern in- 
sulation and apparatus. 

Lightning is the only cause of high voltage 
which gives serious concern at the present time. 
In order to combat lightning, transmission engineers 
have been adding more and more insulation to the 
lines as well as various special arcing devices, over- 
head ground wires, etc. A great deal of work has 
been done in studying lightning and its accom- 
panying phenomena by means of the klydonograph 
and surge voltage recorder. 

Laboratory work has thrown a great deal of 
light on the effect of impulses on insulation, both 
of apparatus and transmission lines. 

The question now arises as to whether we can, 
in the light of present knowledge, design a trans- 
mission line and its connected apparatus so that 
they will be reasonably safe against breakdown and 
interference to service due to lightning. Let us 
first examine the data upon which such a design 
shall be based. 

Sixty cycle flashover tests on insulators have been 
made on strings of various numbers of discs. Most 
of these tests have been made on standard 10-inch 
discs spaced 534 inches apart. It has been found 
that the flashover value when plotted against length 
of string in inches, gives a straight line on log-log 
paper. The length of string is the spacing per disc 
times the number of discs. The curve may also be 
used for insulators of other spacings not differing 
greatly in proportions from the 10-inch disc spaced 
53¥4 inches apart. In this case it is only necessary 
to multiply the spacing per disc by the number of 
discs, and enter the curve with the total distance. 
Table I gives the length of string and 60 cycle 
flashover for strings of 10-inch discs spaced 5% 
inches apart. The flashover values are plotted 
against number of discs on Fig. 1. 

The impulse flashover of such insulator strings 
assumes various values, depending on the nature of 
the impulse, the steepness of its front, the slope and 
length of its tail, ete. Numerous tests have been 
made with the standard wave of the High Voltage 
Laboratory at Pittsfield on insulator strings of vari- 
ous lengths, and these tests have been repeated 
with a great deal of consistency. 

The Pittsfield wave is a single impulse with a 
very steep front, rising to its crest value in approxi- 
mately one-quarter microsecond or less, (depending 
on the load on the test set), and then decreasing to 
50 per cent of the crest value in approximately five 


*Presented before Pittsburgh District Section, A. 1.&S.E.E., 
March 3, 1928. 
tEner. Dept., General Electric Co., Schenectady, N. Y. 


microseconds, i.e. the portion of the wave above 
50 per cent crest value is approximately one mile in 
length. This wave is represented on Fig. 1. 

The manner of making the tests is to impress 
on the insulator string such voltage that the are- 
over takes place somewhere on the tail of the wave. 
The actual flashover value is determined by ad- 
justing a sphere gap in multiple with the insulator 
string until about one-half of the flashovers take 
place over the insulator string and one-half over the 
sphere gap. ‘The setting of the sphere gap is then 
taken as a measure of the flashover potential. The 
values thus determined (Table 1), plotted against 
length of string, again form a straight line on log-log 
paper somewhat above the 60 cycle values (Fig. 1.) 
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The ratio of the impulse flashover to the 60 cycle 
maximum or crest flashover is called the impulse 
ratio. It will be seen that this varies from approxt- 
mately 1.5 to 2 within the range of the curves. <A 
fair average would be 1.8. 

TABLE 1 
Flashover of Insulator Strings 
Based on 10-Inch Discs Spaced 534 Inches 


























Length of 60 Cycle Impulse 

String Arc-over Arc-over 

No. Dises Inches Kv. Eff. Kv. Max. 
3 17.3 200 470 
4 ra 250 610 
5 28.7 300 750 
6 34.5 360 890 
7 40.2 400 1020 
8 46. 450 1150 
9 51.7 500 1280 
10 fe 550 1410 
11 63.2 600 1520 
12 69. 650 1660 
13 74.7 700 1780 
14 80.5 750 1900 
15 86.3 800 2020 
16 92. 850 2140 
17 97.7 900 2260 
18 103.5 950 2380 
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lf an extremely high potential is applied as com- 
pared with the flashover value of the insulators on 
the tail of the wave, then flashover will take place 
on the front of the wave. For the particular wave 
we have been discussing, it has been found that the 
flashover values thus found are very consistentl) 
about 20 per cent greater than the values determined 
when the flashover takes place on the tail of the 
wave. For other waves, of course, there may be a 
somewhat different relation between flashover on 
the front and tail of the wave. 

In actual practice flashover of insulator strings 
may take place either on the front of the wave or 
on the tail of the wave, and sometimes even on the 
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crest of the wave. In case flashover takes place on 
the front of the wave, then only a small portion of 
the wave passes on to the rest of the line and sta- 
tion apparatus (Fig. 2-A). When flashover takes 
place on the tail of the wave then a longer portion 
of the wave passes on and as this represents a 
ereater amount of energy, the wave is capable of 
doing considerable damage if it reaches station 
apparatus. (Fig. 2-B). If the value of the wave ts 
not quite sufficient to flash over the insulator string 
cither on the front or the tail, then the full wave 
will pass on toward the station. (Fig. 2-C). In each 
case there may be considerable attenuation along 
the line before the wave reaches the station. 


Lo) 


Some data have been taken on oil-filled bushings 
and pedestal type insulators, such as used on dis- 


connecting switches. These data indicate an 1m 


pulse ratio slightly higher than for line insulators. 
There appears to be a similar difference of approxi 
mately 20 per cent between the flashover value on 
the tail of the wave and on the front of the wave 
with the particular wave used in the tests. 

During the past few vears considerable data has 
been accumulated by means of the klydonograph 
and surge voltage recorder, which has indicated the 
maximum voltage to be expected on transmission 
lines with present standards of insulation to be in 
the neighborhood of 10 to 12 times the crest value 
of the line to neutral voltage of the system. 


TABLE Il 


Insulation of Actual Lines 


Crest Ratio 





Value No. of Impulse 
System Line to Insulator Discs. Impulse to 
Voltage Neut. Voltage Weighted Flashover Normal 
KV KV Range Average KV Voltage 
66 54 4-6 5 750 13.9 
88 72 5-7 6 890 12.4 
110 90 6-9 7 020 11.3 
132 108 9-12 10 1410 13.1 
154 126 10-12 10 1410 11.2 
187 153 10-12 10 1410 9.2 
220 180 12-16 13 1780 99 


Table Il gives the average number of insulator 
discs used on actual systems, also the minimum and 
maximum number of dises for the various standard 
system voltages. The impulse flashover value is also 
given. From this table it will be noted that the im- 
pulse flashover value is in the neighborhood of 10 to 
14 times the crest value of the normal line to neutral 
voltage. This, together with the results of the 
klydonograph study, would indicate that the impulse 
Hashover values given in Fig. 1 are fair values to use 
for the type of impulse which causes flashover on 
actual systems. 

\ccording to Mr. F. W. Peek’s investigations, we 
may take the maximum potential gradient which may 
be induced on a transmission line by lightning as 
approximately 100 kv. per foot of height of con- 
ductor. Actually, there has been measured by surge 
voltages recorder, potentials which indicate gradients 
as high as 40 ky. foot of height. The readings 
obtained are subject to the fact that there is no 
assurance that the surge voltage recorders were 
located at the point of highest potential. The poten 
tials are naturally limited by the insulator flashover, 
and such flashover potentials would require gradients 
in some cases as high as 60 ky. per foot of height. 

Assuming that the maximum potential gradient 
of 100 ky. per foot of height can be obtained and 
assuming further that the flashover values given in 
Fig. 1 are substantially correct, then we have a 
means of determining whether or not a_ particular 
line will be subjected to flashover. 

Mr. Peek in his laboratory investigations has 
determined fairly well the effectiveness of overhead 
ground wires. The protection afforded by the over- 
head ground wire depends on the distance of the 
ground wire from the conductors, on the height of 
the conductors above ground, and on the size of 
the ground wire and conductors. Generally speak- 
ing, however, any one of these factors may be varied 
within the range of practice without affecting the 
protective ratio to any great extent. The resistance 
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of the connection to ground also has considerable 
influence on the protection. 

The protection afforded by ground wires, based 
on calculation and laboratory models, has been 
found to be approximately as follows: 

With one ground wire the induced voltage 1s 
reduced to about 50 per cent of the value without 
ground wire, with two ground wires to 35 to 40 per 
cent, and with three ground wires to 30 to 35 per 
cent. ‘The best average protection is given for the 
arrangement in which the conductors are horizontally 
placed. 

In placing ground wires it is desirable to adhere 
to the following general rules: 

1. ‘The wires should be connected to each tower 

or connected to ground at each wooden pole. 
2. The resistance of the tower footing or the pole 

ground must be low in order to give the maxt- 

mum protection. 
3. The ground wire should preferably be of the 
same material as the conductor, or other high 
conductivity material. This will prevent rust- 
ing and will have an appreciable effect in re- 
ducing the impedance of the system to line-to- 
ground short circuits. It will also reduce tele- 
phone interference by shunting a good portion 
of the short circuit current away from the 
ground. 

l. The ground wires should terminate at the sta- 
tion structure rather than at the first or sec- 
ond tower out on the line. This assures that 
the last span or two near the station will be 
protected and that there will be no abrupt 
change in the surge impedance of the line at 
the terminal of the ground wire. Such a change 
in surge impedance tends to cause an upward 
reflection in the voltage of a wave arriving on 
the transmission line. 

The conductivity of the ground wire apparently 
has very little effect on its protective value, as the 
protective value depends on the reduction in charge 
on the line conductors and the increase in capaci- 
tance of the conductors to ground, and this is inde- 
pendent of the material of the ground wire. High 
conductivity is very beneficial, however, in relaying 
and in preventing telephone interference as previ- 
ously mentioned. 

Now, if we know the potential gradients which 
may be obtained due to lightning, the flashover 
value of the line insulators and the protection af- 
forded by overhead ground wires, we are in a good 
position to determine what must be done to render 
the transmission line fairly safe from insulator flash- 
over. 

In Table II] are given the actual average heights 
of the lowest conductor at the tower for the various 
standard system voltages as disclosed mainly from 
a study of the data given in the Electrical World 
Supplement of January 3, 1925. In this table are 
also given the potentials which may be obtained with 
a gradient of 100 kv. per foot. Comparing these po- 
tentials with the flashover value of the line insu- 
lators in ‘Table II, we see that it is possible to have 
insulator flashover under the assumed conditions for 
every system voltage. 

Assuming the average heights shown in Table 
TI] and a horizontal arrangement of conductors with 


two overhead ground wires placed above and be- 
tween the conductors, the potential induced on the 
conductors will be reduced approximately to the 
values shown in the fourth column of Table III. 
Now, in order to prevent flashover, it will be neces- 
sary to use the number of insulator discs shown in 
the fifth column of the table. The insulation re- 
quired to produce immunity in this manner is con- 
siderably higher than the present standard. 


TABLE II! 


Height of Actual Lines and Insulation Required to 
Prevent Flashover 








Potential with No. 

Average Height Possible Two Ground of Ins. Flashover 
of Lowest Lightning Wires Discs of 
Conductor Potential Conductors Required Insulator 

System at Tower 100 Kv. per Horizontally to Prevent Dises 





Voltage Feet Foot Arranged Flashover Kv. 
66 35 3500 1290 9 1280 
88 39 3900 1440 10 1410 

110 47 4700 1740 13 1780 
132 47 4700 1740 13 1780 
154 50 5000 1850 14 1900 
187 50 5000 1850 14 1900 
220 56 5600 2070 16 2140 





Of course, if the conductors were arranged ver- 
tically, the situation would be still less favorable. 
kor example: Let us assume the heights for top, 
middle and bottom conductor shown in Table IV. 
Then the potentials without ground wire at 100 kv 
per foot of height would be as given in the third 
column of the table. Now assume that there are 
two ground wires placed vertically above the two 
circuits of a double circuit arrangement. Using the 
protective ratio previously mentioned, we would 
arrive at the potentials given in the fourth column 
of Table IV. In order to prevent flashover in this 


TABLE IV 


Vertical Arrangement of Conductors 
Potential Induced and Insulation Necessary 
to Prevent Flashover j 











Potential Potential No. of 
Without With Two Insulator 
Ground Ground Dises 
Conductor Wires Wires Required Impulse 
Height 100 Kv. per 100 Kv. per to Prevent Flashover 
Conductor Ft. Ft. Ft. Plashover Kv. 
, “ay 7500 2480 19 2500 
Middle _ 60 6000 2340 18 2380 
sottom _ 45 4500 2160 16 2140 





case it would be necessary to use the number of in- 
sulator discs shown in the fifth column of this table. 


It has been found by Mr. Peek that grading 
rings properly proportioned and properly located will 
increase the flashover value of a string of insulators, 
especially strings containing ten discs and over, ap- 
proximately 10 to 15 per cent, and this effect may 
be taken advantage of in reducing the number of 
insulator discs or in increased factor of safety. 

It is apparent from this study that the potential 
induced on a transmission line is independent of the 
operating voltage, except in so far as the height of 
the conductors and the number of insulator dises are 
affected by the operating voltage. In selecting the 
number of insulator discs, it may not be necessary 
to consider the extreme potential gradient of 100 
kv. per foot of height. A gradient of 75 kv. per 
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foot will probably be sufficient to cover the great 
majority of cases, and a line insulated for this gradi- 
ent would no doubt be immune from flashover ex- 
cept in rare instances. 

Now what is the situation as regards apparatus 
insulation, especially transformer insulation. ‘The in- 
sulation of power transformers is designed to with- 
stand a certain 60 cycle high potential test, this 
high potential test being, for fully insulated trans- 
formers, two times the line-to-line voltage. The test 
is applied from high tension winding to low tension 
winding and ground. In the so-called reduced in- 
sulation transformers, which are built for operation 
with solidly and permanently grounded neutral, an 
induced voltage test of 2.73 times the leg voltage is 
given to the transformer windings. 

Naturally the designers build into the transformer 
a factor of safety over the Institute test. Such a 
factor of safety has been worked out by experience 
and has proved ample to meet the various switching 
and arcing ground surges to which transformers are 
subjected. 

With the range of line insulation shown in Table 
II it has been possible for transformers to be sub- 
jected to lightning voltages from 10 to 14 times the 
normal operating voltage with. the average line in- 
sulation and more than that with the maximum in- 
sulation shown in the table. Such voltages of course, 
are subjected to the modification caused by lightning 
arresters, the capacitance to ground of steel work 


used in supporting bus structures, etc. Also on any 
system probably only a fraction of the lightning dis- 
charges take place near stations. However, it 1s 


reasonable to suppose that transformers have been 
subjected many times to ten times normal voltage. 
Transformers have operated under these conditions 
with remarkable success, the failures due to all 
causes including lightning, being only a fraction ot 
one per cent per year. 

It is reasonable to conclude that fully insulated 
transformers with present standards of insulation 
will operate successfully on systems with present 
average insulation. If such line insulation is in- 
creased, as now seems to be the tendency, then the 
transformer insulation must be correspondingly in- 
creased, unless the present standard line insulation 
is retained for a reasonable distance adjacent to the 
station, say, one-half to one mile. 

If fully insulated transformers are on a par or 
slightly stronger than the present average line in- 
sulation, then it is apparent that reduced insulation 
transformers are too weak, as their strength is only 
about 80 per cent of that of fully insulated trans- 
formers. Reduced insulation transformers for this 
reason have no place on systems subjected to much 
lightning, unless the adjacent line insulation is cor- 
respondingly reduced. 

In order to protect transformers now in operation 
and future transformers with standard insulation, it 
is recommended that the line insulation adjacent to 
stations be not increased beyond the values given in 
Table V for at least one-half mile from the station. 
Beyond that point there is no objection to increasing 
the line insulation to any value required to give 
good operation. Such a practice on the part of the 
operating companies will give the manufacturers a 
definite standard with which to compare their appa- 
ratus design. 


lf, for any reason, it is desired to increase the 
line insulation adjacent to the station, then the ap- 
paratus insulation should be increased correspond- 
ingly. 

In cases where it is thought desirable to increase 
the line insulation and it is feared that maintaining 
normal insulation near the station will increase the 
number of flashovers, this may be compensated for 
by placing additional ground wires over this portion 
of the line thereby reducing the potential induced 
by adjacent cloud discharges to correspond to the 
reduced number of insulator discs. Such ground 


TABLE V 


Recommended Line Insulation 





Recommended 60 Cycle 
Arc-Over of Line 
Insulators-Kv. 


Corresponding Number 


System Voltage of 10-Inch Dises 





Kv. Effective Spaced 5% Inches 
66 250 4 
838 360 6 

110 400 7 

132 450 8 

154 550) 10 

187 650 12 


220 750 14 





wires should extend to the stations and in some 
cases over the stations, in order to insure that the 
station apparatus secure the full benefit of the 
ground wires. 


_ The impulse flashover value of standard General 
Klectric bushings, is in general, on a par with the 
line insulation strength. If a wave gets by the line 
insulation without tlashing over and reflects to a 
higher magnitude on reaching the transformer wind- 
ing, then the bushing may flash over and thus offer 
a means of relieving the transformer insulation. The 
character and type of waves are so varied that 
neither the line insulation nor the bushing may be 
depended upon to protect the transformer in all 
cases. All that can be said is that if their flashover 
value is not too high with respect to the transformer 
strength, there is a pretty good chance that they 
will flash over and relieve the transformer of at least 
the greater part of the energy of the wave. 
Sometimes power companies call for an especially 
tall bushing, where the transformer is operated in a 
district subject to smoke, dust, salt spray, etc. These 
foreign materials, together with moisture, reduce the 
Hashover voltage of the bushing. In these cases 
the long bushing may be used to improve the creep- 
age situation, and the impulse flashover may be 
kept down to correspond with the transformer in- 
sulation by a suitable auxiliary ring or horn gap. 
Such increased length bushings may afford only tem- 
porary relief from creepage as in time dirt will ac- 
cumulate and their flashover voltage may be reduced 
to a value comparable to that of a standard bushing. 
Frequent cleaning may be necessary in either case. 
In order to provide a further assurance of suc 
cessful operation and take care of surges of all kinds, 
it is necessary to by-pass the incoming surge. The 
cheapest and most effective present form of such a 
by-pass, is a lightning arrester. Such an arrester if 
placed directly at the transformer terminals or as 
near to the transformer terminals as physically pos- 
sible, will prevent appreciable reflection and hold 
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down the voltage to a value that is safe under all 
conditions. 

To summarize: We have shown that it is possi- 
ble to increase the safety of transmission lines and 
apparatus from lightning disturbances by adhering 
to the following principles: 

(a) Construct the transmission line so that the 
conductors are as near to the ground as the 
necessary clearances will permit, and _ prefer- 
ably build the line with the conductors hori- 
zontally arranged. 

(b) Install one or two overhead ground wires in 
accordance with the design of the tower and 
the requirements for reduction in potential 
imposed by the height of the conductors. 


(c) Use sufficient insulation on the line to pre- 
vent flashover with the maximum potential 
gradient that may be obtained with the num- 
ber of ground wires used. 

(d) Maintain recommended insulation (Table V) 
for one-half a mile or so from the station in 
order to protect station apparatus. Over this 
section additional ground wires extending to 
the station may be used in order to place 
this section on a par with the over insulated 
section as far as flashovers are concerned. 

(e) Install lightning arresters immediately adja- 
cent to the transformers so as to prevent re- 
flection and hold down the potential to a 
comparatively low value. 


Mechanical Design Characteristics* 


By G. M. BARROW? 


used for power line insulators. It is also used 
where the utmost reliability is desired in all line 
insulation, either power or communication. 

Electrical porcelain combines the electrical, me- 
chanical, thermal and chemical properties of a dielec- 
tric in such manner that properly treated in applica- 
tion, it furnishes an unsurpassed insulating medium. 
Although some of the physical characteristics are not 
what may be termed ideal, it is more adaptable for 
insulating purposes, than any other material. Elec- 
trically, it has high resistivity and rupture strength, 
small losses, and low dielectric constant and power 
factor. Mechanically, it has great compressive, ten- 
sile and shearing strength, is non-porous and non- 
hydroscopic; and though coming under the classifica- 
tion of a fragile material, possesses a degree of 
toughness that brittleness is avoided, It is inorganic, 
acid proof, and chemically more stable than any 
other ceramic material; and retains its insulating 
resistance over a greater temperature range. It 
lends itself to plastic forming in an early stage of 
manufacturing process, thereby giving a homogene- 
ous material, free from internal stresses that occur 
in the molten type. Estimates place the number of 
porcelain insulators in use on power lines in the 
United States at approximately one half billion. 
Considering the number of points of insulation rep- 
resented by this quantity, their service record is re- 
markable. 

The use of porcelain for insulation is based funda- 
mentally upon its electrical characteristics. How- 
ever, the mechanical features of the manner in which 
it is applied in the completed design are of more 
importance to its successful operation. Some of the 
mechanics of electrical porcelain are listed: 

52,000 Lbs. per Sq. In. 
10,000 Lhs. per Sq. In. 
.9.4x106 per degree C. 


nes nag is the material almost universally 


Compression 

Moges of Rupture... sum 
Coefficient of Expansion............ 
1. Spark Plug Porcelain. 

2. Wet Process Electrical Porcelain. 





*Presented before Pittsburgh District Section, A.I.&S.E.E., 
March 3, 1928 

*Mgr. Engr. Dept., Westinghouse Electric & Mfg. Co., 
Derry Works, Derry, Pa. 


The curve shows the relation of tensile strength 
to cross sectional area of test specimen and a com- 
parison between electrical porcelain for insulators 
and that used for spark plugs. A value of 3,000 
pounds per square inch is the average accepted for 
design purposes. The strength in compression is 
more than ten times that in tension and a better idea 
may be formed of its mechanics by a comparison 
with steel, as in the table: 











Modulus 
Compression Tension of Rupture 
Steel -- 60,000 Lbs. per sq. in. 60,000 Lbs. per sq. in. 60,000 


Porcelain 50,000 Lbs. per sq. in. 3,000 Lbs. per sq. in. 10,000 





The function of a line insulator is to provide the 
mechanical support and electrical insulation for the 
conductor. On this basis, the insulator design as- 
sumes a balance between these two factors. 

4000 + 


2000 fF 








0 i i i rt 
1 2 3 a 


Area sq. in. 


Curve 1. 


The electrical factor depends upon the insulating 
quality of the material and the design characteristics, 
of adaptation to the electro-static field form, arcing 
distances and creepage surface. The provision of 
electrical porcelain of good insulating quality is a 
matter of the proper selection, and proportioning of 
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raw materials, and the correct and uniform methods 
of ceramic manufacture. The inherent principles 
governing field form and arcing distances control 
their application. The other factor takes into ac- 
count the mechanical properties of the porcelain, 
enumerated above, and the manufacturing limitations; 
so that the final design is a combination of mechan- 
ical and electrical characteristics, and economical 
manufacturing cost, to meet a given application. 

Line insulators can be divided into three general 
classes, on the basis of their design, namely—one 
piece pin type, multipart pin type and cap and pin 
suspension type. 

The one piece pin type is used on the lower 
voltages and under favorable transmission conditions 
of, dirt accumulation and climate, as high as 15 
kv. to 17 kv. As the name implies, it is fabricated 
in a unit mass; the mechanical details consist of the 
standard N. E. L. A. pin hole shape and threads and 
an assorted arrangement of line and tie wire grooves, 
to accommodate various sizes of conductors. Thick- 
ness of porcelain, more than commensurate with 


27 





/ 
33 
FIG. 1. 


puncture requirements, is necessary for manufactur- 
ing purposes and to provide mechanical strength. 
The insulators, shown in Figs. 1 and 2, illustrate the 
smaller and larger of the designs in this class. The 
upper range in size is limited by decreasing efficiency 
in flashover distances and more especially by rapid 
physical deterioration of integral large masses of 
varied section. This action is tied up with the co- 
efficient of expansion and results in early mechanical 
failure in service. 

The multipart pin type designs, Fig. 3, cover a 
voltage range from 13 KV to 88 KV. These designs 
are built from separate parts into a complete as- 
sembled unit. The number of parts commonly used 
is from two to four. Insulators of this type are 
used for line insulation, switch and buss supports 
and in other sub-station construction. In power line 
application the mechanical loads are compression, 
cantilever and tension. In switch use torsional 
loads are added. Provision for the tension compo- 
nent in the design gives ample strength for the 
other mechanical loads. In this the important me- 
chanical feature is the distribution of material in the 
body section. The present day insulators are fash- 
ioned, in this respect, upon the patented Faradoid 
principle. This is essentially an electrical factor but 





incidentally provides desirable mechanical advan 
tages. It permits the distribution of the body sec- 
tions most effectively, so that thick unbalanced parts 
are replaced by thin uniform sections. This construc- 
tion aids in the equal distribution of the load stresses 
through the unit. This is, without doubt, a vital 
factor in the life of an insulator, as experience indi- 
cates that failures are more attributable to this me- 
chanical detail than any of an electric nature. 

The insulators are made from separate parts for 
two main reasons. One is the economics of manu 
facture and the other is the inability of integral large 









































| nol 
: | t 
§ r/ ¥Y, ‘ : 

i =Zy . 

*° = 
Yili 2 
4| EY V4 
? 
e-G- Cg 

FIG. 2. 


masses of such shape to remain intact on account of 
differential expansion. It has been determined, using 
the figures given for coefficient of expansion and 
modulus of elasticity, that in a uniform section a 
tensile stress of 3,000 pounds per square inch occurs 
with a temperature change of 180°F., and that with 
unequal sections a stress factor as high as three oc 
curs, giving this value with a change of 60°F. The 
effect of differential expansion in a unit mass of such 
shape as the multipart pin type design is to set up 
severe and destructive tensile stress in the surface 
layers. This is, unfortunately, the weakest mechan- 
ical characteristic, and as there is little or no yield 
in the material, complete mechanical rupture occurs. 

In the multipart designs, this point merits con- 
sideration in the assembly of the parts. From the 
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FIG. 3. 


many materials tried for assembling the parts, Port- 
land Cement remains the most preferable and widely 
used. Not that cement is ideal, but because at pres- 
ent a better material is not known. In addition to 
expansion effects in the insulator, a tensile stress on 
the overlapping parts at the joints results from the 
volume changes that occur in the cement. The early 
multipart designs had the cementing surfaces grooved 
or scored to furnish engagement with the cement. 
This gave a very rigid assembly, approximating one 
of integral mass with relatively short service life. 
This led to the patented sanded surface-resilient film 
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joint which provides resiliency in the assembled unit. 
Steam setting of cement, also patented, gives in- 
creased hydration, and a more stable condition. 
These improvements were made a number of years 
ago and resulted in designs which in general are 
mechanically stronger than other parts of construc- 
tion with which they are used. 

The cap and pin suspension insulator is the type 
used to the largest extent for high voltage trans- 
mission. It overlaps the multipart pin type from 66 
KV to 88 KV and is becoming more favored for 
these voltages. Coupled in strings, additional units 
can be added to meet special isolated conditions, giv- 
ing greater flexibility than the pin type. 

The suspension unit comprises a porcelain shell 
and a metal cap and pin. Two general methods of 
interconnecting the units are used, one is the clevis 
type, so called from the two projecting parallel lugs 
from the cap to receive the tongue on the pin of the 
adjacent unit. The other is the ball and socket type 
being distinguished by the socket on the cap to re- 
ceive the ball on the pin. The classification is fur- 
ther divided on the basis of mechanical rating and 
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dimensions. ‘Three active sizes are those at the ap- 
proximate values of 10,000 pounds, 15,000 pounds 
and 20,000 pounds. Units for special application have 
been manufactured with a 30,000 pound rating. All 
of them, however, embody similar details of con- 
struction. 

The mechanical strength is worked out in the 
details of hardware design, and cross sectional area 
and length of porcelain head section. Again the 
tensile strength of the porcelain is the controlling 
characteristic in the mechanics of the design. Elec- 
trical requirements limit the overall dimension of 
height, and increasing the cross section does not 
necessarily increase the mechanical strength. To 
obtain the best working efficiency of the porcelain 
the ratio between height of head section, depth of 
pin hole, diameter of pin hole and thickness of porce- 
lain under mechanical load is such that the compo- 
nent of tension should be low and that of compres- 
sion and shear high. Increase of thickness of mate- 
rial above defined limits, lowers the angle of the 
compression component, changing the moment arm 
of the load and increasing the tension component. 
This results in a lower mechanical strength. The 
polarized light or photo-elastic study of suspension 
insulator designs demonstrates these features nicely. 


The design details of the cap and pin also influ- 
ence the strength of a given design of porcelain, 
those of the pin being the most important. The cap 
and pin transmit equal loads, that of the pin to a 
much smaller area of porcelain than the cap, hence 
higher stress per unit of area in the pin hole. 


The cap is made of malleable iron, or drop forging 
hot dip galvanized. Good malleable iron will de- 
velop the ultimate strength of the porcelain and ad- 
ditional strength in the lugs of the forged cap does 
not improve the performance of the assembled unit. 
The cap fits neatly over the porcelain head, the 
shape and location of the gripping details determin- 
ing the distribution of the load through the cement 
to the porcelain. 

The pin is usually a forging, also galvanized. 
More variety, perhaps, can be found in the design 
details of pins in use, than in other features of the 
insulator. The arrangement of shoulders and angles 
of gripping surfaces that gives the most uniform 
distribution of the load to the porcelain, is preferred. 
These factors can be determined by test. 

The short time test in a pulling machine to de- 
termine the ultimate gives an indication. The com- 
bination of this test with voltage applied, known as 
combined Mechanical-Electrical test, gives more in- 
formation; but combining this with time into a time- 
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FIG. 5. 


load test under continuous potential or periodic check 
gives conclusive data. 

The combined Mechanical and Electrical test 
gives the load at which the unit fails electrically, 
the failure being caused by mechanical rupture of 
the porcelain and the voltage acting as an alarm to 
indicate the occurrence. This shows the ratio be- 
tween the combined and ultimate strength values of 
the design. A high combined value and a high ratio 
are desirable, but the results from such a test may 
be misleading, as the design may be such that a 
large tension component brings a simultaneous fail- 
ure, giving a ratio of unity. The time load test is 
more effective in determining these comparisons. On 
it the insulators are usually connected in strings to 
a constant mechanical load at from fifty to seventy- 
five per cent of the ultimate strength for a period 
of nine to twelve months. Voltage application dis- 
closes failure. Data from these results are more in- 
dicative of the efficiency of the design, for in the 
final analysis, the insulator as a whole is no stronger 
than its combined strength. 

The assembly of the suspension, like the multi- 
part pin type units, is also an important factor in its 
service life. The failure of the first suspensions was 
caused by the effects of differential expansion be- 
tween the metal and porcelain parts. The present 
assembly is made with the sanded surface and steam 
setting of cement. It is the practice to insert a 
spacer between the bottom edge of the cap and the 
porcelain shell, which is removed after assembly, 
thereby providing a freedom for expansion of the 
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cap, without danger to the porcelain shell. Resili- 
ency is provided in the pin hole by an elastic ma- 
terial between the end of the stud and the bottom 
of the pin hole and the resilient film over the sides. 
These improvements in assembly afford relief against 
the expansion stresses and have overcome the cause 
of failure in the early designs. 

In considering the pin hole assembly, some of the 
foreign practices are of interest. One construction 
known as the “V” ring type or modifications of it 
comprises a porcelain shell, having an undercut 
groove at the outside base of the head and an en- 
larged pocket at the closed end of the pin hole. In- 
stead of cement, the cap is attached to a split ring 
fitted into the groove and the pin is assembled with 
a ring inserted in segments between the shank and 
the porcelain and held in place by pouring in alloy 
or by a soft metal ring that yields to the shape of 
the shoulder between the pocket and the sides of the 


Dirt On 


pin hole. Both arrangements give a loose pin assem 
bly. One of the disadvantages of this construction 
is the manner in which the mechanical stress is 
localized at the shoulders with resultant low elec 
trical load value. This type of constructiton of the 
porcelain shell has been adopted in this country, to 
some extent, with the cement assembly, in an effort 
to obtain high ultimate mechanical strength. This 
appears to constitute a hazard for which the best 
resilient features can hardly be expected to compen- 
sate. 

Years of successful service have demonstrated the 
merits of the principles of the normal design. These 
same principles may be retained in the design of the 
higher strength units. These are also showing good 
service records and there is assurance of having re- 
liable suspension insulators to keep pace with the 
other progress in high voltage transmission. 


Insulators* 


By G. W. LAPP? 


tion are considered and their effect on the abil- 

ity of an insulator to carry the line voltage 
without interruption. From the behavior of certain 
types of surfaces there is developed a general prin- 
ciple of exposure and uniformity as the chief require- 
ments for effective surface conditions. <A _ series of 
insulators is described embodying this principle of 
uniformity. 

UNFAVORABLE CONDITIONS 

On most power systems there are certain locali- 
ties in which insulators become coated with dirt and 
give trouble. A bad condition is usually found 
along the seacoast where salt spray is picked up with 
the wind and deposited on insulators, accumulating 
a coating that is soluble in water. If rains are reg- 
ular the coating is usually washed off sufficiently to 
avoid serious trouble but in case of a long dry 
period the layer of salt becomes thick. When the 
first drizzling rain wets this deposit it becomes very 
conductive and causes flashovers until a good soaking 
rain dissolves and washes it off. 

Sometimes alkali dust or some mineral dust is 
picked up and blown onto the insulators making a 
more firmly adhering, less soluble coating which 
necessitates washing off by hand. 

These two elements, sea salt and dust, are the 
principal natural ingredients that are encountered 
over long stretches of transmission line. There are 
all degrees of severity in their occurrence. Along the 
sea certain combinations of deposit and dripping 
fog will cause flashovers in a week if washing is not 
done; in land locations of extreme dust storms and 
heavy fog and dew cleaning has been required every 
other night to maintain service during certain sea- 


. es -Various kinds of surface contamina- 


sons. 
Contamination from industrial dirt includes gen- 
eral smoke and dust of cities and railroads that war- 
*Presented before Pittsburgh District Section, A.I.&S.E.E., 
March 3, 1928. 
*Chief Engr., Lapp Insulator Co., LeRoy, N. Y. 


rants the use of insulators rated as high as two to 
two and one-half times phase voltage. Part of the 
reason for such high factors of safety is a willing- 
ness to use a larger insulator to avoid outages even 
in clean or standard atmospheric conditions. 

More severe conditions of industrial dirt are met 
around chemical plants where corrosive as well as 
conductive coatings occur and corrosive gases attack 
metal parts. These are unusual conditions affecting 
a few insulators. Very special conditions are met 
in electrical precipitator installations covering a wide 
range of temperature humidity and dust. 

Cement mill deposits are sometimes cumulative 
and highly conductive when fresh deposits or de- 
posits underneath the insulator are wetted. 

Steel mill insulators in various places have the 
foregoing difficulties to meet in maintaining service 
and in addition they have in the coating particles 
of iron oxides serving to make the deposits of lower 
resistance and more adherent to the surface. 

Dust from the yard furnishes the usual variety of 
soil particles and blast furnace dust. Locomotives 
add coal smoke with its carbon and sulphur. Float- 
ing scale from the rolling mill and clouds of dust 
from “Slips” in the blast furnace contribute con- 
ductive particles of iron oxide. The blast furnace 
dust further increases the supply of lime stone and 
carbon from the coke. A near-by cement plant 
may help to form a conductive crust on the in- 
sulator. 

In a given plant one or more of these factors may 


predominate to characterize the deposit. In some 
places a smooth black coating is firmly attached: in 
other places a rough rusty crust. The coatings are 


usually thinner and less conductive on top outside 
surfaces that are cleaned and washed by the winds 
and rains; crusts are thicker and more loosely at 
tached on the sheltered surfaces. 
Severity and importance of service around steel 
mills are indicated by the size of insulator that en- 
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gineers have felt justified in using. We find in- 
sulators for 6600 volt circuits, for example, from a 
rating of 25,000 volts to a rating of 35,000 volts, 
and cases as high as 45 kv. a factor of 400 to 500 
per cent, in an endeavor to secure freedom from 
Hashover and frequent cleaning. Even then clean- 
ing 1s necessary as often as every few months. 


FAVORABLE CONDITIONS 

Favorable factors exist to help offset the fore- 
going recital of gloomy facts that are familiar to 
Electrical Engineers in the steel industry. Most 
situations have saving features that permit things to 
operate. In the case of deposits on insulators, if all 
the above factors occurred simultaneously to a high 
degree there would be much more trouble in hold- 
ing the voltage on the line. 
































FIG. 1. 


Some of the favorable factors that decrease con- 
ductivity of surface coatings are: 

Particles deposited have limited conductivity in 
themselves. Metallic particles are in the form of 
oxides or quickly become oxides. Most mineral 
particles are good insulators when dry. Conductivity 
over a dry insulator does not cause trouble even 
with an excessively thick coating. 

Particles have such extremely small contacts 
with each other that they do not form an unbroken 
continuous path. They are bound together by 
organic or mineral soluble binders that will not 
stand the leeching, soaking action of rain water. 
Clean silica sand in a clean atmosphere cannot get 
a hold on a glazed surface. 

Ordinary’ aluminum paint consisting of fine 
flakes of metallic aluminum mixed with a lacquer 
has surprisingly little conductivity. The particles do 
not touch each other to form continuous paths. 


Coatings are made less conductive by the same 
water that makes them conductive. - Conductivity is 
almost entirely electrolytic, that is,"it is the con- 
ductivity of water holding substances in solution. 
When plenty of pure rain water is supplied it will 
leech out those soluble elements of a deposit that 
cause conductivity and adhesion of the coating. If 
the surface is on top or exposed to driving rains or 
if water can drain down over it the resistance will 
be kept up to a satisfactory figure. Rain water will 
disintegrate cement by dissolving out essential solu- 
ble elements. 

It has been observed that in conditions of con- 
tamination causing frequent flashovers it is the 
vertical strings of suspension insulators that let go 























FIG. 2. 


and not the horizontal strings. Horizontal strings 
stay cleaner because they are more exposed to 
washing. 

The effectiveness of rain water in cleaning a dirty 
automobile surface illustrates the point. Skylights 
and glazed surfaces exposed to beating rains come 
back bright and shining. Even the rough surfaces 
of buildings exposed to rain and wind are in strik- 
ing contrast to the dirtiness of sheltered areas. 
Rain water on a clean insulator does not cause 
trouble. 

“FOG” TYPE INSULATORS 

The design of an insulator to fulfill the require- 
ments of a leakage type for specially dirty condi- 
tions should have its surfaces open and exposed to 
the cleansing action of winds and rain. It is true 
that such exposed surfaces will also be open to the 
dirt. Dirt cannot settle as readily on wind-swept 
surfaces while wind and rain can clean off to best 
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a “Fog Type” 
similarly cut out on a conventional pin type insu- 
lator. Note the greater uniformity in width which 
is one factor of uniform resistance. This variation 
in width is directly proportional to variations in 
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advantage surfaces upon which dust settles in 
periods of quiet atmosphere. It is futile to attempt 
to keep clean and dry surfaces that are concealed 
underneath or inside because in time eddy currents 
will deposit dirt and blowing mists will find their 
way to wet them without the chance to wash out 
their accumulating conductivity. This is the first 
principle of design, exposed surfaces. 

The second principle of critical importance is 
the matter of uniform resistance from end to end 
of the leakage path. By uniformity of resistance 
under all conditions of service the leakage path will 
experience a uniform drop in potential and a uni 
form dissipation of wattage loss due to the leakage 
current flowing over the leakage path. If we can 
construct a uniform leakage path of this kind it will 
be free from hot spots at which the leakage cur- 
rent dries up the moisture and concentrates the 
drop in voltage. At these hot dry spots in a non- 
uniform path low resistance arclets appear and 
quickly spread to consume the entire path. Hot 
spots may be all right in the intake manifold of a 
gasoline engine but they should not be encouraged 
in the leakage path of a transmission line insulator. 


Elements of uniformity of path are: 
‘niformity in width of path. 
‘niformity in dirtiness. 

‘niformity in wetness. 

Uniformity in dryness. 


To the degree that these conditions are true the 
total path will resist being blown up into a_ short 
circuit arc. To form an are the leakage current 





FIG, 3-A. FIG. 3-B. 











must transform its wetted path that carries the cur- 
rent through liquid conductivity. It must dry up 
the liquid and heat the adjacent air to a igh tem- 
perature before it can establish itself as a gaseous 
are. 

To illustrate these two principles of exposure and 
uniformity of the main leakage path as applied to 
the actual insulator structure consider the various 
figures. 

Figs. 3-A and 3-B shows the development of sur- 
face between two vertical planes through the axis of 
insulator compared to the surface 








radial distance from the axis to the surface. The 
diagram is made up by plotting vertically distances 
along the leakage path from tie wire to pin and 
horizontal distances are taken as the corresponding 
radii for each point. 


Not only does this large variation in standard 
insulators cause a great variation in resistance due 
to changes in width of path but it causes extreme 
changes in dirtiness and wetness by the sheltering 
effect of the watersheds. After an insulator is dirty 
there may be one of a great variety of conditions 


present. At the beginning of a storm the outside of! 
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FIG. 4. 


the shells are wide and wet and less dirty while the 
surfaces toward the center are narrow and more 


dirty and dry and more resistant. After a while, 
in a driving rain, the surfaces underneath become 
wetted and lose their resistance. In drying off the 


dirty surfaces hold the moisture and the cleaner 
outside areas become more dry and resistant in 
spite of their greater width. It is evident that the 
less uniform the structure the greater the chances 
for an indeterminately large variation between the 
parts of the surface in their ability to carry leakage 
current quietly. 

The design having for its principal leakage sur 
face corrugations with small radial depth exposed as 
they are on the outside of the insulator has a bet 
ter chance; to clean itself or to acquire a more 
uniform coat of dirt; to become more uniformly and 
simultaneously wetted and to become more uni- 
formly and simultaneously dried off 

It is difficult to blow up a path of current that 
is plentifully supplied with water. A large energy 
load may be carried by a hose or stream carrying a 
rapid flow to take the heat away. Some tests give 
higher wet flashover if the insulator is sprayed up 
ward under the shells as well as at a downward 
angle on the tops. 

It may appear that a cylindrical rod is an ideal 
form for an insulator on account of its uniformity. 
But even aside from its prohibitive length a rod 
insulator is subject to streaking while small cor- 
rugations offer an opportunity to redistribute poten- 
tial and current and to break up drip. Without 
sacrificing much uniformity of width small cor 
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by dry 
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the space 


rugations 
length into 
distance. 
This ability to secure liberal length of leakage 
path of a uniform nature without increasing the 
Hashover distance is a matter of importance in con- 
nection with substation equipment. If it is desired 
to decrease the liability to leakage flashover and a 
larger standard type insulator is used the impulse 
flashover voltage is raised and it may then throw 
the flashover into the station equipment. By the 


use of the “Fog Type” insulator the leakage or dirt 
condition is met without raising the impulse flash- 
over voltage. It is an established fact that a dirty 
insulator even when wet requires about as high an 
impulse voltage to flashover as does a clean dry 
insulator. 

These new designs of pin and suspension 
Type” insulators provide greater leakage distance 
with a more effective distribution of surface. They 
are of smaller diameter than corresponding stand- 
ard types. 


se F< 1e 


Protection From Flashovers * 


By H. B. VINCENT+ 


ITH the art in its present stage, engineers 
very rarely equip their transmission lines 


normal 


with insulators which under operat- 
ing conditions do not have sufficient insulating 
value. 


However, whether this insulating value is  suffi- 
cient under abnormal conditions depends on quite 
a few variable factors. 

In general, these factors the 
liness of the insulators, magnitude of surges due to 
other disturbances originating in the 


consist of clean- 
switching or 
transmission system and to lightning. 

Any one of these factors occurring may cause 
the insulators to flashover depending on whether 
the flashover voltage of the insulators is equal to or 
less than that of the disturbance. 

In the earlier days of high voltage transmission, 
most of the insulator trouble was due more to 
puncture than flashover—I have in mind about the 
year of 1905 when the highest operating voltage 
was in the neighborhood of 60 ky. 

As the result of these troubles the specifications 
were altered such that the puncture value was made 
higher than the flashover values, so that together 
with the natural improvement in manufacture it is 
now a rare case when a pucture occurs. 

The practical elimination of punctured insulators 
however, has not removed the possibility of insu- 
lators becoming damaged when flashover occurs as 
the heat of the power are breaks the porcelain in 
which case the flashover and in some cases the 
puncture value is thereby decreased. 

Probably the earliest protective device applied to 
pin type insulators was a ring of approximately 14” 
round iron having a diameter of about twice the 
diameter of the insulator skirt. 

The purpose of this ring was to direct the arc 
away from the skirts when a flashover occurred, 
and not to prevent the are from originating over 
the insulator. 

This device was not extensively used due probably 
to the fact that newer designs of insulators were 
more rugged and of higher flashover value. 

With the beginning of the operation of lines with 
voltages above 60 kv. and employing the suspension 
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type of insulator apparently very little concern was 
given to the necessity of protecting the insulators 
from the flashover arc, although it was realized that 
trouble would probably be experienced from the 
burning of the conductor from  flashovers the 
several insulator manufacturers included an arcing 
horn in their hardware accessories. 


as 


This arcing horn consisted essentially of a piece 
of malleable iron 34” in diameter in the shape more 
or less of a semi-circle with a 15” spread. The one 
for the top being fastened either to the cap of the 
top insulator or to the supporting hardware, that 
for the bottom serving as the clamping strip or 
“keeper” of the conductor clamp. 

These horns have not been universally used due, 
no doubt, that as designed and installed they re- 
duced the flashover value of the insulator string 
(in the order to 70 to 85%) and based on 60 cycle 
flashover sufficient units were installed to give good 
factor of safety. 
has de- 
labo- 


transmission art 


As the progress of the 
possible to obtain 


veloped and it has been 
ratory tests simulating lightning more thought has 
been given to impulse voltage as distinguished from 
the 60 cycle and high frequency voltages. 

As might be naturally expected there has not 
unanimous agreement with respect to all 
the causes and effects of these so-called transient 
voltages. Consequently this has resulted in the 
offering to the user of several types of protective 
devices by the several insulator manufacturers and 
as they are represented on the program today | 
am assuming that they, like myself, will not be too 
modest to mention the principle at least of the 
functioning of their device. 


been an 


In our studies and research on an insulator pro- 
tective device we have had this in mind: 
Porcelain as now manufactured is not immune 


from damage due to a heavy power are. 


The device should decrease the flashover value 
of the insulator string as little as possible. 
It should direct the power arc away from the 


insulators. 

Have a minimum arcing distance. 

Its contour should be such that it should invite 
and possibly cause the are to extinguish itself be- 
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fore the automatic tripping of the line circuit 
breaker. 

It should be rugged enough to withstand the 
burning due to the power arc. 

The arcing distance should remain constant even 
after such burning occurs. 

Have if possible interchangeable parts to sim- 
plify replacements, also some flexibility with respect 
to adjusting arcing distance. 

All of the above has been accomplished by the 
employment of an arcing tip having a combination 
of both the sphere and needle characteristics. 

Laboratory tests have indicated that to over- 
come the cascading due to impulse voltage a _ re- 
grading of the voltage across the insulator string is 
necessary. 


As dirt and moisture may affect the distribution, 
all conditions which may be met in practice cannot 
be duplicated in the laboratory. 

Laboratory tests have indicated that by the em- 
ployment of an arcing tip as above mentioned cas- 
cading from impulse voltage can be eliminated to 
a large extent. 

The fact should not be lost sight of that theory 
and laboratory tests are not conclusive; this has 
been rather forcibly. demonstrated within the past 
year by actual power tests where it was found that 
the action of wind or even a breeze had a consider- 
able bearing on the efficiency with which a protective 
device prevented the breakage of the insulator porce- 
lain from a power are. 


Protection of Transmission Lines* 


By D. H. 


N the transmission of large amounts of electrical 

energy continuity of service is of the utmost im- 

portance. There is no doubt that one of the 
greatest problems which confronts the electrical en- 
gineer in this connection, is the flash over of in- 
sulators due to line surges. Although switching, 
birds, and other unknown factors are the underlying 
cause of many disturbances it is now readily con- 
ceded that induced lightning voltages account for 
approximately 90 per cent of the trouble. 

If a charged cloud passes over or near a trans- 
mission line there is a static charge of polarity op- 
posite to that of the cloud induced upon the con- 
ductors since the gradual leakage over the insulators 
or through the transformers allows the equal and 
opposite charge to flow to ground. When a light- 
ning stroke occurs the static field collapses and the 
charge on the conductors forms into two waves 
which travel along the line in opposite directions, 
with velocities approaching that of light. 

The speed of lightning discharge and the im- 
pedance of the line controls the steepness of these 
waves which in any case is very great. Because of 
the time necessary for air to ionize before breaking 
down, steep voltage waves of this character may be 
considerably above the crest 60 cycle line voltage 
and yet not cause a flashover. In such cases the 
waves as they progress become attenuated and may 
gradually dissipate themselves in corona and I*R 
losses or ground through lightning arresters. 

It has been shown by Mr. F. W. Peek, Jr., that 
the magnitude of the induced voltage depends di- 
rectly upon the height of the conductors above 
vround since they assume the potential of the air 
through which they pass. For the purpose of cal- 
culation an approximate gradient of 100 kv. per 
foot may be used. Thus for a line 30 feet high 
the maximum possible induced surge would be 
3000 kv. A gradient of this magnitude occurs only 





*Presented before Pittsburgh District Section, A.I.&S.E.E., 
March 3, 1928. 
+Research Engr., Locke Insulator Co., Baltimore, Md 





ROWLAND? 


when the cloud is directly over the line. More 
frequently the induced surges correspond to gradients 
of 50 kv. per foot and very often to 25 kv. per foot. 
It must be borne in mind that even with the maxi- 
mum possible gradient of 100 kv. the time of light 
ning discharge may be so great as to materially 
lessen the induced voltage by allowing the charge 
to gradually spread along the line instead of being 
released instantaneously and thus forming prac- 
tically a perpendicular wave front. 

There has been a certain group which has con 
tended that sustained high frequency is the basis for 
a great deal of flashover trouble. It has however 
been shown mathematically that the power necessary 
to maintain continuous high frequency for a long 
enough period and at a sufficiently high voltage to 
cause flashovers would be out of all proportion to 
the energy released at the source of the disturbance. 
Field data recently collected supports such calcula- 
tions and the consensus of opinion at the present 
time is that lightning surges are of a single impulse 
character or now and then highly damped oscilla- 
tions corresponding to the natural period of the line. 

In designing transmission lines to insure con- 
tinuity of service there are two classes of devices 
used in an effort to avoid surge troubles. In the 
first class belongs that equipment whose function 
it is to reduce the static charges on the conductors 
or to alleviate the excess voltages after they have 
occurred. The ground wire and lightning arrester 
are of this category. To the second group belong 
arcing devices and grading shields whose function 
it is to prevent serious harm to the insulators and 
phase wires should flashover occur. The grading 
shield has another feature under lightning conditions 
which will be pointed out later on. 


THE GROUND WIRE 
A fundamental electrostatic law based upon 
Gauss’ Theorem is that no electrostatic field due to 
external influences exists within a closed conductor. 
If it were possible to completely enclose a trans 
mission line by a perfectly conducting shield light- 
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ning troubles would be absolutely eliminated. This 
of course is impossible and a relatively simple com- 
promise to the perfect condition is obtained by 
using ground wires. 

Such wires materially reduce the excess poten- 
tials induced on transmission line conductors. Var- 
ious investigators have found that the reduction that 
may be expected from one wire is in the neighbor- 
hood of 40 per cent, with two wires 60 per cent, and 
with three 70 per cent. The exact amount of course 
depends upon the arrangement of the phase wires 
and the ground wires with respect to one another. 
The reason for this reduction lies in the fact that 
the presence of the grounded wires near the con- 
ductors decreases the number of lines of force 
terminating on the conductors before the cloud dis- 
charges. Furthermore they raise the capacity of 
the phase wires to ground which tends to reduce the 
potential to ground after the lightning stroke has 
taken place. Since the increment of protection ob- 
tained from the use of each additional wire becomes 
smaller and smaller the problem of how many to 
install is an economic question. No doubt from 
this Saye the best solution is to allow a few 
surges of a high enough voltage to cause insulation 
flashovers * remain on the conductors and to take 
care of these flash-overs when they do occur by 
means which will be explained later. Most certainly 
it is very poor practice to use inferior materials and 
construction for protective wires as in the past 
serious short circuits have occurred due to their 
falling across the power lines. To avoid this the 
quality of installation should be the same as that of 
all other parts of the circuit. Proper grounding at 
frequent intervals is essential to correct operation. 
In very dry country not only is it very difficult to 
accomplish this but the induced voltages are higher 
because in effect the height of the transmission ‘line 
is its distance above the conducting plane of the 
earth which is often quite far below the earths 
surface. Special methods should be resorted to in 
such cases. 

LIGHTNING ARRESTERS 

Increasing the insulation on any given line will 
most certainly decrease the number of flashovers. 
There is, of course, an economic limit beyond which 
it would be foolish to go. In addition such practice 
has a tendency to carry the surges into the sub- 
station and damage the apparatus insulation. It is 
now common practice to protect such apparatus by 
means of lightning arresters. These devices are 
arranged to form a path between the line and ground 
which under ordinary service voltage is of practically 
infinite resistance but when subjected to an over 
potential, break down and allow a free flow of cur- 
rent. 

It is obvious that in order to prevent a dead 
short circuit some means must be employed to 
prevent a power are from following the surge. One 
of the most successful arresters makes use of: the 
valve characteristic of lead oxide which under the 
influence of heat changes its composition and be 
comes a non-conductor. The initial charge flows to 
ground and in so doing raises the temperature of 
the small units of lead oxide which in turn in- 
crease in resistance enough to interrupt the flow of 


current. 


ARCING HORNS 

Since it is not economically possible to prevent 
the occurrence on transmission lines of a certain 
number of surges sufficiently great to cause in- 
sulator are overs it is imperative that some means 
be adopted to prevent those arcs which do take 
place from breaking the insulators or burning the 
conductor before the circuit breakers have time to 
operate. This may be accomplished to some extent 
by the use of arcing horns. Metal projections are 
added at the top and bottom of the insulator string 
in an effort to hold the are away from the proce- 
lain material and the conductor. There is no doubt 
that some good work has been done by such devices. 
In a number of cases, however, it has been found 
that the ares paid very little attention to the arcing 
points unless they were placed so close together as 
to materially cut down the flashover voltage of the 
insulation. Even when the points were adjusted so 
as to prevent the arc from touching the porcelain 
with 60 cycle laboratory voltages when placed in 
actual service in the field the results were disap 
pointing. At the present time the reason for the 
inconsistency between the earlier laboratory tests 
and the field experience are well known. 

Lightning surges as already stated are single 
direct current impulses. It has been found that the 
flash-over characteristics of steep voltage waves are 
quite different from 60 cycle or sustained high fre- 
quency. Since it is established that induced light- 
ning surges are the underlying cause of most serious 
Hashover trouble it is imperative that a great deal 
of study be given to this class of phenomena if it 
is desired to design arcing devices which will func- 
tion properly. Mr. F. W. Peek, Jr., working with 
the lightning generator, has been able to conduct 
laboratory experiments with impulses comparable to 
those found in service. It is impossible here to go 
deeply into the theory of spark discharge but a few 
of the most important features must be understood. 


It takes an appreciable time for an air gap to 
break down, Different types of gaps require more 

less time according to their physical construction. 
It is for this reason that steep impulses as much as 
2.5 times the effective 60 cycle flashover voltage, 
may be impressed upon certain insulators without 
causing flashover. To describe this effect the term 
“impulse ratio” has been used and refers to the 
ratio of impulse voltage to 60 cycle voltage neces- 
sary to cause flashover. It is obvious that this 
term cannot be used indiscriminately without defin- 
ing the wave form of the impulse as this factor has 
a great effect upon the ratio. If a sphere gap and 
a needle gap are adjusted so that they will both 
spark over at the same 60 cycle voltage and are 
then placed in parallel and subjected to a lightning 
impulse the former type of gap will be the one to 
break down even if the needles are brought still 
closer together. In other words it may be said that 
lightning takes the fastest path. Another point to 
be noted is that the wet and dry lightning flash- 
overs of a string of insulators are identical. Bear- 
ing these facts in mind it can be explained why 
arcing devices, the design of which is based upon 
60 cycle or high frequency tests, will very seldom 
operate efficiently in service. 

A string of suspension insulators under voltage 
stress does not distribute the load evenly between 








an 


— 

















—— 











August, 1928 





IRON AND STEEL ENGINEER 367 





the separate units. This is a well known phenom 
enon and is due to the fact that the insulator hard- 
ware has a definite capacity to ground. Thus the 
displacement current through the line unit must be 
enough not only to charge the other units but also 
the capacities of their hardware to ground. The 
displacement through the next insulator is the same 
less the charging current to ground for the hard- 
ware of the first unit. Since the internal capacities 
of the separate disks are identical the voltage which 
they carry is directly proportional to their displace- 
ment currents which means that the bottom insulator 
will carry much more than its share of the load. 
Let us consider the action of such a string under 
lightning conditions. If a surge is impressed upon 
the string the first unit as explained above is stressed 
more than the rest and if the voltage is sufficiently 
large will flashover. ‘This action places the full 
voltage upon the remainder of the insulators with 
the result that the second unit will flashover and 
progressive cascading will extend the entire length 
of the string. 

The path which the lightning takes is faster both 
on account of the decided inequality in voltage 
gradient over the string and because the creepage 
over a porcelain surface has very little time lag. 
Arcing horns in a case of this ‘character will have 
little effect unless spaced very close together. The 
first predatory discharge will invariably cascade 
along the string and may strip the porcelain skirts. 
The power are which follows may or may not be 
kept from touching the string. 

One reason why a test of 60 cycle flashover 
voltage may show entirely different arcing char- 
acteristics lies in the fact that the more gradual 
application of the voltage allows time enough for 
corona to form on the lower units thereby raising 
their capacity and bringing about a more uniform 
gradient along the string and preventing progressive 
air breakdown. The air between the horns may 
then be the first to fail. 


THE GRADING SHIELD 

In order to keep lightning surges from cascading 
and at the same time not cut down too far on the 
60 cycle insulation it is necessary to employ some 
method of obtaining a uniform potential gradient 
over the insulator string. The grading shield is a 
device designed to accomplish this. A ring of metal 
is attached to the bottom unit in such a way as to 
raise the capacitance of the lower insulator hard- 
ware with respect to the line. The added ca 
pacitance of the shield to the lower hardware neu 
tralizes the charging currents of the hardware to 
ground and thus makes for a uniform voltage dis 
tribution. This equalization of the field increases 
the lightning flashover of a string of ten units an 
amount equivalent to the addition of two discs to 
an unshielded string. Furthermore the redistribu- 
tion of the field causes the are when it does occur 
to jump between the ring and the arcing horns at 
the top entirely clear of the porcelain. The neces 
sary reduction in 60 cycle flashover voltage is only 
about 10 per cent. The power are which may fol 
low the initial surge discharge will under certain 
conditions blow into the string and for this reason 
the oval shape of the lower ring is very helpful 
in allowing the are to pass around to the leeward 
side without damaging the insulation. 


The grading shield must not be confused with 
ordinary arcing devices based upon 60 cycle tests. 
The major premise upon which the device is founded 
is that it will keep clear from the porcelain and 
conductor the first transient discharge, which can 
only be accomplished by proper grading. 


Pin type insulators because of the large relative 
mutual capacity between the porcelain shells as com 
pared to their capacities to ground cannot be graded 
appreciably by the addition of metal shields. For 
this reason it is important that the design of such 
insulators should be, in the first place, of such a 
character as to distribute the voltage load evenly 
through the di-electric material. This can be ac 
complished in multi-part pin types by varying the 
size of the cement grips between shells and thus 
changing their capacities much along the same lines 
as in the design of condenser bushings. When this 
is properly carried out lightning arcs may be kept 
away from the porcelain by suitable arcing rings 
or horns. 

There are a number of grading shield installa- 
tions in service at the present time and the data 
from the field which after all is the only true crite- 
rion of the value of the shields indicates without 
doubt their great merit. 

\ recent modification of the grading shield which 
is now being tried out is the addition of an insulator 
below the shield. Under ordinary conditions this 
insulator is shunted by a high voltage fuse. When 
such a string flashes over the are forms between the 
grading shield and the tower hardware. The fuse 
in series with the are blows interrupting the cur 
rent and placing the additional insulator in the 
string. This prevents the re-establishment of the 
are or the formation of an are over the same string 
under subsequent impulses. 

There is no question but that it is becoming 
more and more the general practice to use overhead 
ground wires to reduce the potentials induced upon 
the transmission conductors, and grading shields to 
raise the lightning flashover of insulator strings and 
to prevent damage to the line should flashover occur. 
The installation of such protective equipment is re 
ceiving more attention as past experience has shown 
that it absolutely pays. Ground connections must 
be well made. Lightning arresters have been pet 
fected and should be used to prevent surges from 
reaching the station equipment. 


In recent years insulation of all kinds has greatly 
improved. A great deal more is known about the 
underlying causes of flashovers. It is only in the 
last few years that ingeneous devices such as the 
Klydonograph and Cathode Ray Oscillograph have 
given information as to the true nature of the surges 
on power lines and thus enabled laboratory data and 
held results to be correlated. 

It is unfortunate that before this the mystery 
surrounding the phenomena has led investigators to 
draw conclusions from laboratory experiments en 
tirely unrelated to the problems. Laboratory re 
sults can only be applied to the field when they 
account for all the factors that are met under sery 
ice conditions. 


This discussion has naturally been somewhat 
general. It has been my endeavor to give you as 
complete a picture as possible within the limits 
of time and circumstance. 
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DISCUSSION 


A. F. Alsaker+: It has been a very interesting 
afternoon. I was very much impressed by the array 
of talent you have had here today. In particular, I 
must pay a compliment to Mr. Lewis for his very 
excellent paper. I think the central station busi- 
ness, as well as the steel mills, (even if they have 
only 6600 volt lines) should be thankful to Mr. 
Lewis for compiling this very excellent information. 
It is instructive and brings several transmission line 
problems down to a rather definite basis, avoiding 
vagueness and guesswork. 


C. L. Fortescue¢: I will confine my discussion to 
the papers presented by Mr. Austin* of the Ohio 
lsrass Company and Mr. Lewis of the General Elec- 
tric Company. Mr. Austin shows the advantage of 
making use of the wood pole as insulation against 
lightning surges. His method of using the wood 
pole as part of the insulation of the transmission 
line, however, is equivalent to over-insulating the 
line and therefore if this type of construction is 
used measures must be taken either to cut down the 
insulation near the substations or else adequate 
provision must be made by the use of suitable 


by grounding wires so insulated that the full in- 
sulating value of the wood poles is preserved. By 
this type of construction the hazard of pole shatter- 
ing by lightning is reduced practically to zero and 
the substations are protected from the high surge 
potentials to which they are subjected in the type of 
construction proposed by Mr. Austin. The choice 
of the type of construction is of course an economic 
one. The cost of additional protection at the sub- 
stations and the cost of the serious outages caused 
by shattering of poles must be balanced against the 
cost of the insulated ground wire. 

As regards Mr. Austin’s counter-potential wire, 
this appears to me to be purely a makeshift to pass 
the burden of withstanding lightning conditions from 
the insulator string to the substation. What it 
means, of course, is that special measures must be 
taken to reduce the surge potential at the sub- 
station either by grounding portions of the counter- 
potential wire so that the insulator string in this 
neighborhood will flashover and reduce the burden 
on the substation, or by increasing the insulation of 
the apparatus at the substation and using higher 
voltage lightning arresters, or by a combination of 
both measures. 
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FIG. 1. 


lightning arresters to protect the substation against 
the higher lightning surges that this construction 
will permit to pass over the line. 

One of the most important advantages obtained 
by the use of ground wires is that they not only 
reduce the surge potential due to lightning on the 
line itself but they also reduce the value of the 
lightning surge potential at the substations. <A bet- 
ter type of construction than that proposed by Mr. 
Austin would make use of ground wires insulated 
from the pole and connected to earth at the poles 


+Delta-Star Electric Co., Chicago, III. 

tWestinghouse Elec. & Mfg. Co. 

*Mr. Austin’s paper was not received for publication at 
the time of going to press. 


As to the nature of lightning discharges, they 
are never oscillatory. This may be shown by re- 
ferring to Fig. 1. A thundercloud is of enormous 
volume and may be charged to potentials of from 
100 to 130 million volts. When a lightning flash 
takes place it starts from the earth and when it 
reaches the atmosphere of the cloud, due to the 
saturated condition of the atmosphere, ionization 
cannot be sustained so that the discharge is re- 
tarded and is broken up into a number of small 
branches which penetrate a relatively small volume 
of the body of the cloud which it discharges. This 
small portion of the cloud is discharged by these 
streamers and since, on account of the super-saturated 
condition of the atmosphere of the cloud, the charges 
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from the remaining portion of the cloud can only 
move slowly, the potential of this portion is re- 
duced to such an extent that it cannot sustain the 
are to ground and therefore the single impulse only 
passes to earth. After the discharged portion 1s 
built up again to its original potential a second 
discharge may take place over the same path and 
this may be repeated a number of times. The 
interval between the successive discharges being 
large as compared to the duration of the impulse 
itself. 

If there is a transmission line in the neighbor- 
hood of the thundercloud there will be an induced 
charge on that line and when the lightning flash 
takes place the induced charge will be released and 
a surge will travel over the line. If the transmission 
line is of great length the surge will go on travelling 
over the line indefinitely until it is reduced to zero. 
However, if the transmission line is very short and 
is open at both ends, when the surge reaches the 
end of the line it will be reflected positively, build- 
ing up to twice its incident value. The reflected 
wave will travel back towards the origin of the 
first surge and when it reaches the other end of the 
line it will again be reflected positively; conse- 
quently, an insulator string at any given point on 
the line will be subject to a nnidirectional, highly 
damped series of impulses, the wave length of 
which will be equal to the length of the line. 
Similarly, if the transmission line is grounded at 
both ends, a highly damped oscillation will be set 
up which will have a wave length equal to twice the 
length of the line. In this manner only can you 
get an oscillatory discharge over an insulator on 
any transmission line, but usually this condition 
does not exist because in the case of low voltage 
lines each substation is connected to several branches 
of a network so that the surge induced in one branch 
of the network, even though this branch may be 
considered as a short length of transmission line, 
when it reaches the substation passes into another 
branch and this takes place indefinitely through the 
network of transmission lines. In the case of a 
loop which is a very common type of network used 
with low voltage transmission lines, the surge ini- 
tiated in one portion of the ring will be propagated 
around the ring and keep on circulating until re- 
duced to zero. Hence, in practical experience there 
is no approach to an oscillatory condition on trans- 
mission lines due to lightning and this is_ borne 
out by actual field experience with the klydonograph. 

The Westinghouse Company has been carrying 
out investigations on lightning during the past three 
years with the klydonograph. During the previous 
vears attempt had been made to do the work with 
a series of sphere gaps set for different values but 
the apparatus was too cumbersome for use in the 
field so it was decided to develop something that 
could be conveniently used in the field and give 
reliable records of lightning. The klydonograph was 
the result. With the klydonograph we have made 
investigations of lightning in many places in the 
United States, and although we have taken several 
thousand klydonograms we have never yet found 
anything of the nature of an oscillatory discharge 
due to lightning. Any oscillatory discharges that 
have been observed by the klydonograph have been 
found due to some such condition as an arcing 
ground, 


In regard to the attenuation of surges when 
passing over the transmission line, the attenuation 
factor depends upon the resistance of the transmis- 
sion line which must also include the resistance in 
the earth portion of the circuit and the leakage 
factor due to corona and leakage over insulators. 
The attenuation factor is an exponential term, the 
exponents being a function of the above quantities 
and time. We may obtain some idea of the at- 
tenuating action by remembering that the current 
surge is exactly in phase with and proportional to 
the potential surge so that the resistance drop will 
reduce the potential as the surge progresses along 
the line. We thus have a function which causes a 
reduction in itself depending upon its own value, 
the reduction factor will therefore be an exponential 
function which is known as the attenuation factor. 
In the case of a transmission line protected by 
ground wires the effect of the ground wires is to 
reduce the inductance of the line with the earth 
return and increase the resistance of the earth re- 
turn path. Therefore, the effect due to the resist- 
ance is increased. Again, the corona due to the 
surge potential induced with the ground wire will 
be greater than the corona due to the surge poten- 
tial induced in the transmission line without the 
ground wire, on account of the fact that the poten- 
tial reduction is not so great as the reduction in 
effective distance between line wire and ground 
brought about by the ground wires. Consequently, 
the effect due to the leakage factor will also be in- 
creased. The net result is a decided increase in 
attenuation due to the addition of ground wires. 


As has been stated before, the ground wire not 
only protects the line but also protects the sub- 
station. It is a poor argument that the ground wire 
is of no use because it has been known to fall down 
and short circuit the line. I am surprised that any 
engineer would make such a statement. If a ground 
wire causes trouble because it falls down and short 
circuits the line, it is by reason of faulty construc- 
tion, that is to say, a poor engineering job; it is 
not the fault of the ground wire. The ground wire 
will always afford a certain measure of protection, 
in some cases it will mean the difference between 
economic success or failure for transmission lines. 
| have seen statistical reports where the reduction 
in outages due to the use of one ground wire has 
brought about a reduction of outages per 100 miles 
per year of the order of ten to one as compared to 
an unprotected line. 

The values given by Mr. Peek for the reduction 
effect due to ground wires appear to me to be too 
optimistic. Calculated values obtained by us show 
a reduction of about 35% for one ground wire and 
15% for two ground wires. I shall be glad to have 
Mr. Lewis explain the cause of the discrepancy be- 
tween Mr. Peek’s observed values and the values 
obtained by mathematical calculation. With the 
horizontal construction of transmission lines, ground 
wires can be arranged to give very effective pro- 
tection and there is a further advantage due to the 
fact that the average height of the transmission 
line is much lower with this type of construction 
than with the vertical type. In the vertical type of 
construction ground wires cannot be arranged so 
effectively. Returning now to Mr. Lewis’ paper, | 
think that he has presented a very fine paper for 
this Association. However, I told Mr. Lewis after 
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the afternoon session that, while in general, we were 
in full accord, there were some points on which we 
would not agree. One of these points I have al- 
ready discussed, namely the discrepancies between 
Peek’s laboratory values for the protective effect of 
ground wires, and values obtained by computation. 
The other point on which I disagree with Mr. 
Lewis is in the wave form of a lightning surge. | 
do not know how Mr. Lewis or Mr. Peek deduced 
what they call the “standard impulse wave” which 
Mr. Lewis stated in his paper was taken by them 
to be representative of the higher lightning surges 
as obtained by means of the klydonograph and the 
Dufour oscillograph. We have come to quite dif- 
ferent conclusions as a result of our experimental 
work with the klydonograph and also from the 
actual surge oscillograms obtained in Sweden with 
the cathode ray oscillograph and we find that the 
maximum steepness of a lightning surge is_ prob- 
ably not more than 4000 ky. per microsecond, and 
its duration may be from 10 to 20 microseconds. 
The actual waves shown by the cathode ray oscillo- 
graph last considerably longer than this but the 
initial disturbance seems to be due to a rearrange 
ment of charges along the line during the initiation 
of the lightning flash and have no bearing on the 
actual induced surge. We do not set up any stand- 
ard wave; what we say is that the lightning surges 
that will cause trouble on transmission lines are 
those that have maximum values well above the 60 
cycle flashover value of the insulator so that the 
important factor determining the flashover of the 
insulator will be the steepness of this surge since 
its maximum value will be well above the flash- 
over point of the insulator. So we draw a curve 
as shown in Fig. 2 where the radiating lines rep- 
resent surges of different steepnesses whose maxi- 
mum value is well above the flashover value of the 
insulator. We then obtain either by test or cal- 
culation the curve shown which gives the impulse 
ratio of the particular insulator for each value of 
wave front. 

You will note on the diagram the horizontal line 
which is the 60 cycle flashover line. In an insu- 
lator the 60 cycle flashover takes place when the 
field surrounding the insulator reaches a_ certain 
critical condition brought about by ionization by 
collision. When this stage is reached ultra violet 
rays are emitted which cause heating and_ local 
concentration, causing thermal dissociation of the 
air molecules. As a result of this thermal dissocia- 
tion the breakdown takes place along certain paths 
which are shown by intense white streamers which 
travel from electrode to electrode at a certain speed 
which depends upon the average potential gradient 
between the electrodes. \Vhen these streamers have 
travelled the full distance between. electrodes, flash- 
over takes place. The computation of the time re- 
quired for these streamers to initiate and move from 
electrode to electrode can be carried out with a 
fair degree of accuracy so that curves shown in the 
figure can be actually calculated and the calculations 
check up very closely with; the observed values. 

When a lightning surge just reaches the 60 cycle 
value no flashover takes place, however, if it reaches 
the 60 cycle value at a certain time and goes slightly 
above it, being reduced within a definite time from 
the point where it originally crossed the 60 cycle 
value, if this definite time is greater than the time 


required for the streamers to move across the elec- 
trode, the insulator will flashover in which case the 
impulse factor will be unity. For very slow surges 
the impulse factor approaches unity. For very 
steep surges the impulse factor may be two or more. 
Therefore, you cannot say that an insulator has a 
certain impulse factor to lightning surges since, as 
an actual fact, the impulse factor may be anything 
from unity to values of two or three. In fact, the 
actual time required to breakdown a long string of 
insulators is of the order of only 0.2 of a micro- 
second and the time of a lightning wave may be 
from 10 to 20 microseconds. Therefore, it should 
be plainly seen that the impulse factor must neces- 
sarily be very variable, depending upon the type of 
surge to which the insulator is subject. 

A further thing I wish to emphasize is that the 
true criterion of the insulator streneth is the 60 
cycle flashover value. It is the 60 cycle flashover 
that determines the number of outages that will 
occur on a transmission line. All lightning surges 
except those whose maximum values just fall below 
the 60 cycle flashover value of the insulator will 
Hashover the insulator. The importance of impulse 
factor is to determine the amount of a steep and 
severe lightning surge that will pass by the insu- 
lators after they have flashed over, because these 
surges will eventually reach the substation and they 
must be taken account of in the protective measures 
for the substation. However, since these surges, on 
account of the chopping effect of the insulator flash- 
over, are of very short duration, they are not in 
general a great hazard but have to be given consider- 
atron where their effect is likely to cause trouble. 
The most important lightning surges to consider in 
the protection of substations are those that almost 
Hashover the insulator, that is to say, those that just 
reach the 60 cycle flashover value of the insulator. 
Those surges have a great deal of energy and have 
the potentiality for causing a great deal of damage. 
High impulse ratio has no value whatever in pre- 
venting outages, all it does is to let you know how 
much will get by your insulator string when it 
Hashes over. Theoretically, the ideal insulator string 
would be one that had a sufficiently high 60 cycle 
flashover value and impulse ratio about unity for 
all lightning surges. In other words, one having 
sphere gap characteristics. 

The advantage of ground wires in_ protecting 
the transmission lines will now be quite apparent. 
The advocates of high insulation such as our wood 
pole construction friends, advocate insulation to 
meet lightning. The ground wire enthusiasts ad- 
vocate lightning to meet insulation. In other words, 
you can raise your insulation and reduce your out- 
ages, you can lower your lightning and reduce your 
outages. Of course, the two may be combined, that 
is to say, the insulation of transmission lines can 
be increased and at the same time the surges that 
it is subject to can be reduced by ground wires. 
The advantage in protective measures on transmis- 
sion lines is that the surges coming into the sub- 
stations are also reduced. 

In this discussion | have theorized quite a little 
bit but I am very much in accord with what Mr. 
Lapp said in his paper and | may say that while 
I have theorized | have also kept in mind the prac- 
tical aspects of the problem. In this problem of 
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lightning investigation and protection there are so 
many ramifications, so many things hard to explain, 
that the proper thing to do is to find out all you 
can by investigation, research in the field and labo- 
ratory, and then make your theory fit the results 
obtained. This is exactly what we have been doing 
and are continuing to do. We are going into this 
lightning investigation as thoroughly as_ possible. 
We have done a lot of work with the klydonograph 
and we expect to do a lot more. We have been 
closely associated with Dr. Norinder while he was 
in this country and expect to keep in close touch 
with him in the future, and while the klydonograph 
will be the principal instrument for carrying out 
field investigation work we expect in the near future 
to do some work with a modified form of the cathode 
ray oscillograph which will enable us to get certain 
data on lightning which is difficult to obtain by the 
klydonograph. The cathode ray oscillograph, how- 
ever, is too cumbersome an instrument to use for 
general field investigation so that the klydonograph 
will always be a leader in field investigation. 

W. W. Lewis*: In reply to Mr. Fortescue, | 
think he misunderstood my reference to standard 
wave. What I intended to refer to in the paper 
was the standard wave of the high voltage labo- 
ratory at Pittsfield, i.e. Mr. Peek’s laboratory. Mr. 
Peek selected a wave which was very steep and 
very long in order to have a wave which he thought 
would be more severe than anything encountered 
in practice. He has standardized on this wave for 
tests on insulators and apparatus and thereby gets 
a fair comparison in the performance of the various 
kinds of apparatus under impulse. 

About the ground wire values: We also have 
made calculations by the classical methods and have 
shown protective values somewhat as indicated by 
Mr. Fortescue. However, Mr. Peek has set up 
models of clouds and lines in his laboratory and has 
obtained much better protective values than can be 
shown by calculation. We believe that the explana- 
tion for this is as follows: 


Under cloud and lightning conditions the poten- 
tial gradients at the surfaces of the conductors and 
ground wire are greatly in excess of the potential 
gradient required to break down air. The air is 
broken down and corona formed, thus virtually en- 
larging the conductor and ground wire and thereby 
increasing the capacitance between conductors and 
ground wire. This increase in capacitance reduces 
the induced voltage and gives a better protective 
ratio. 

A. F. Alsakery: It may be desirable to mount an 
insulator straight out if it is used as a conductor 
support and if you only consider the flashover to 
ground. But if the insulators are used for support- 
ing equipment where certain safety ratios of flash- 
over are desired, the matter must be considered from 
an entirely different angle. It is one of these propo- 
sitions where the consideration of one condition only 
is apt to lead you astray and arrive at faulty con- 
clusions. A disconnecting switch is primarily a 
safety device and incidentally a conductor support. 
If the insulators are mounted straight out, a stream 
of water will flow from the live top insulator to the 





*Engr. Dept., General Electric Co., New York. 
*Delta-Star Electric Co., Chicago, III. 





bottom insulator during heavy rain and materially 
cutdown the safety of the switch as a disconnecting 
device. But this is not the case with insulators 
mounted at 45°. We know this from actual test. 
I think the question the gentlemen thought was 
nicely cleared up is just as dark as it ever was. I 
wouldn’t work on an oil switch protected by dis- 
connects with insulators straight out, unless I knew 
the safety factor from actual tests. 

W. K. Naylor*:. What is the advantage in even 
width of the leakage path when the normal leakage 
current of an insulator is so low that the narrowest 
strip of dirt between the line to the ground would 
carry a relatively large current and the leakage cur- 
rent normally must be very low or power current 
will follow. What is authority for 60 cycle voltage 
being limited to 1% times normal. In one particular 
case we had a plant operating on 25,000 volts and 
normal fluctuation in voltage, minute to minute, was 
from 25,000 to 40,000 volts; so in case of any un- 
usual disturbance, the voltage could rise to 55,000 
or 60,000 volts and later protected against that by 
installing motor generators to reduce the fluctuations. 

This is a very unusual case but many cases have 
been noted where double voltage on lines is not 
uncommon. On almost any line surges up to four 
times normal may occur due to causes other than 
lightning. Double voltage for a few micro seconds 
probably does not injure any apparatus on the line. 


G. W. Lappt: The statement that 50 per cent 
excess voltage at normal frequency is a fairly safe 
limit applies to overexcitation of generators for 
ordinary plant conditions. If your usual voltage 
regulation was from 45 to 60,000 volts you had a 
60,000 volt line instead of 45,000, On the leakage 
strip carrying the current, it appears from experi- 
ments we have made under spray that if you can 
supply the path of power with plenty of moisture, 
it remains good. In some cases higher values of 
wet flashover are obtained if the insulator is sprayed 
up under watersheds as well as down from the top. 
It is even observed on some bushings and some 
insulators that they show a higher wet flashover 
than dry flashover. This is a subject of current 
interest as it is being discovered insulators generally 
give higher dry flashover with higher humidity. If 
you apply a plentiful supply of water to a leakage 
path, it will absorb energy rapidly without blowing 
up. With good stream flow you can carry a lot 
of power away. 

J. S. Murray¢: This Association is to be con- 
gratulated on the very fine papers presented on the 
insulator problem and the notable work and talent 
that insulator manufacturers have seen fit to give 
us today. While it is true nearly all voltages used 
in the steel mills are around 6,600 volts yet there 
are several installations of 22,000 volts, in mill prop- 
erty and subject to the well known conditions of 
dirt. In addition, higher voltages are planned, such 
as the installation of 65,000 volts mentioned by Mr. 
Farrington, all of which would indicate that we 
may need to consider the insulator problem from 
this standpoint later on. 


*Westinghouse Elec. & Mfg. Co. 


+Lapp Insulator Co., Le Roy, N, Y. 
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The theory advanced by the Lapp Insulator de- 
signs confirms our own practice, somewhat, in that 
it exposes more of the surface of the insulator to 
the rain and does not tend to pocket the dirt under 
the petticoat. We have had a few examples of this 
on the pin type insulators at Toronto, 

We have an outdoor substation at one of our 
plants at 22,000 volts with 70,000 volt pin and strain 
insulators in a dirty, foggy atmosphere and I would 
like to hear from Mr. Fortescue if this insulator 
rating is proper on this voltage or if we may expect 
any damage at some weaker point from impulse 
voltages, for instance at transformer bushings which 
are insulated for 45,000 volts? 

This matter seems to me to be a case of where 
we must be careful to use insulators of proper rating 
on the voltages to be handled, keeping in mind 
types that do not trap dirt to any great extent and 
then laying out a periodic schedule of cleaning, 
rather than going to higher ratings where we may 
endanger other more expensive apparatus on the 
system from impulse voltages. 

It has certainly been a pleasure to hear the dis- 
cussions of Mr. Lapp and Mr. Fortescue regarding 
insulator design fundamentals and particularly the 
theory of the ground wire and lightning discharge 
and their effect on transmission lines. 

J. J. Torok*: There has been considerable dis- 
cussion concerning insulator flashover as a means 
of protection to apparatus. Someone has suggested 
that if insulators which would stand flashovers could 
be made, the protection problem would be solved. 
[ think we can do a little better than that. Some- 
thing can be put on these insulators which will 
prevent the flashover from damaging them and yet 
this something else will flashover and take the surge 
off the line, thus protecting the power supply ap- 
paratus. 

In going about this we used the information that 
we have obtained in the field as an indication of the 
upper limit of voltage appearing on a string of in- 
sulators. In order to determine anything definite, 
we had to go to the laboratory and reproduce the 
same conditions we had found on the line. This 
could be accomplished by applying a very rapidly 
rising surge. Since we could get as high as 3,000,000 
volts, all conditions could be readily reproduced. 

[ wish to bring out some of the methods, where- 
by we can protect insulators from surges, in many 
cases even from direct strokes. In making a study 
of insulators, it is necessary to generate surges with 
the voltage remaining nearly constant for 100 micro- 
seconds which gives an impulse ratio of unity; that 
is, the surge flashover voltage is equal to the 60 
cycle value. Steep waves are then applied, such that 
the insulators will break down on the front of the 
wave and thus produce a high impulse ratio. In- 
stead of using a standard wave, we based our re- 
sults on the rate of rise of voltage, which makes 
reproduction of the tests by other apparatus pos- 
sible. The rising portion of the surge or wave front, 
we determine, not by calculation, but by actual 
measurements, which give the correct rate of rise at 
all portions of the wave. In carrying on the in- 
vestigation we obtained a wave similar to that shown 
by Mr. Fortescue, (Curve 1). This curve shows 





*\Vestinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 


clearly that as the time of voltage application is 
decreased, the breakdown potential rises. Then 
again it has been found that any voltage applica- 
tion, corresponding to any point above (a) on curve 
1, will cause cascading of the insulators. This is a 
serious condition because the power are always fol- 
lows the path formed by the lightning discharge and 
cracks the insulator, rather than the surge itself. 
This has been shown many times in the laboratory, 
where insulators have been cascaded under the heavi- 
est lightning discharges, and the worst effect has 
been an occasional chipping of the porcelain. 

Mr. Vincent has demonstrated some arcing horns, 
which are much better than the old needle point 
type, since they will prevent cascading for short 
strings of insulators. On longer string of insulators, 
however, they will fail to protect against rapidly 
rising surges. He has started in the right direction 
but lacking time lag tests he has not carried the 
design far enough. 

The arcing ring on exhibit here is another step 
in the right direction, but one which will possibly 
get the designers into difficulties of which they are 
not aware at present. 

\We have tested various forms of arcing rings. 
Many of them will prevent cascading under slowly 
rising surges, but will fail to protect under the 
steeper surges. Consequently we have carried out 
a systematic group of tests, which enables our de- 
signers to make rings that will protect under all 
conditions. These rings must also be so constructed 
that the power follow are can travel all around the 
ring. This group of arcing ring tests gave much 
information on the area, the separation of the rings, 
the distance the ring should be from the insulator 
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FIG. 1. 


and the shape of the rings. T'abulating the results 
of these tests, we obtained curves which enable us 
to design rings for any given length of insulator 
strings. So successful were the tests that arcing 
rings constructed from interpolated values prevented 
insulators from cascading under any condition. 


From a system of curves, similar to the one 
described above, we can protect all our insulators 
in a similar manner. This is quite an advantage as 
many power systems employ both suspension and pin 
type insulators. If a pin and suspension type with 
equal 60 cycle flashover values are tested under 
surge impulses, it will be found that the time lag 
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of the pin type is much greater, than that shown in 
Fig. 1, which is the time lag curve of a string of 
suspension units. Such time lag curves can also be 
applied to disconnect switches where a_ flashover 
may cause very serious trouble. By the use of time 
lag curves we can intelligently choose the type of 
insulator that should be installed at any point of a 
system to obtain adequate protection from lightning 
surges at that particular point. 

There are various factors entering into the prob- 
lem of design of insulators, arcing rings and arcing 
horns, which cannot be entered into here as it would 
require too much discussion and wearisome detail. 
However, an element that cannot be justly omitted 


has entered the field recently. This has already 
cleared up many mysterious happenings, and will 
undoubtedly be of great use in the future. The 


recent discovery of a method of stopping electrical 
discharges at any stage of their development has 
given much of the information necessary for cor- 
rect designs. These stopped or “suppressed dis- 
charges” as they are called, show that the break- 
down of air is not instantaneous but is brought about 
by conducting streamers traveling from one or both 
electrodes. By recording the formation of these 
streamers at various stages of their development, it 
is possible to determine the various paths which 


they may take. Then, by rearranging the designs, 
the streamers can be directed in any direction de- 
sired. By such processes arcing rings and arcing 


horns which will prevent cascading under the most 
severe line surges can be designed. 


J. T. Littleton, Jr.*: The papers brought out 
very clearly that the loss of electrical insulation by 
dirt is of considerable importance. It is evident that 
this loss of insulation is affected to a certain extent 
by the design of the insulator and it is also a 
probability that the properties of the insulating sur- 
face will also be a factor. There is one point, how- 
ever, which needs consideration. Under certain con- 
ditions it is probable that any insulator in the 
course of time will need to be cleaned but what the 
engineer is interested in is the ease of cleaning and 
how the cleaning affects the properties of the in- 
sulators. I should be interested in an insulator that 
is easily and thoroughly cleaned and which would 
not have its properties affected by such repeated 
cleanings. 

There is another point which [I do not feel | 
can pass over without discussion even though | 
believe that the majority of you understand the 
situation. The statement was made by one of your 
speakers that glass was not good for insulation on 
account of the fact that it was a vitreous material 
and consequently was full of internal strains and that 
these internal strains were known to be present be- 
cause the material would not stand a thermal cycle 
test. This statement is obviously incorrect. Fused 
quartz is a vitreous material such as glass and it 1s 
well known has an extremely high resistance to 
sudden temperature changes. The resistance of a 
material to such changes depends upon the physical 
constants of the material such as thermal expansion 
coefficient, thermal conductivity, tensile strength, 
etc. The thermal resistance of a body in addition 


*Chief Physical Laboratory, Corning Glass Co., Corning, 
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depends upon its dimensions as well as the physical 
properties of the material. A body one inch thick 
will stand considerably more of a heat shock than 
a body two inches thick of the same material and 
of the same identical structure. 

Internal strains may not have anything whatever 
to do with the ability of a body to resist thermal 
cycle tests. An instant’s consideration of the dis- 
tribution of stress in a body strained in cooling will 
show that a strained piece of glass, strained in cool- 
ing may be more resistant to sudden heat shock 
than a perfectly annealed specimen. As the body 
cools from a plastic condition a certain portion of 
the inside tends to shrink away from the outside. 
This throws the outside surface layer under com- 
pression resisting this shrinkage action of the in- 
ternal portion. If the body be then suddenly cooled 
when in such a strained condition the contraction 
of the external layer with respect to the internal 
portion of the body tends to throw this layer under 
tension but before there can be any tension the 
compression has to be first overcome. After over 
coming the compression the tension must exceed the 
tensile strength of the material before breakage 
takes place. The initial compression caused by the 
strained condition acts as a counterbalancing force 
to the tension introduced by the sudden cooling and 
consequently the body is more resistant to sudden 


cooling. 


It has been repeatedly mentioned tonight that 
insulators fail in service due to thermal cycle changes 
and that thermal cycle tests on insulators have been 
developed in order to select insulators which would 
not fail in service due to such changes. Of equal 
importance with the ability to resist thermal cycle 
changes in service is the ability of the insulator to 
avoid any such thermal cycle changes. If the insu- 
lator is not heated in service thermal cycle tests 
are no gauge of quality even though the material 
may be very resistant to such tests Experiments 
made by us and others show that a black body such 
as porcelain may be heated in sunlight up to a 
temperature approaching 100°C. A transparent body 
however is not heated by sunlight. When a body 
is broken by a thermal change a break is caused 
not by the temperature of the body but by the 
difference in temperature between certain portions 
of the body. Consequently a material which is not 
heated by the sun, in which no portion of the body 
is in the shadow of another portion, is at a uniform 
temperature throughout itself and can never have 
any but only very slight thermal stresses set up 
in it. Such a body can consequently be made in 
much heavier sections than another one which is 
locally heated and does have high thermal stresses 
introduced. Accordingly a thermal cycle test is 
only of benefit in testing a multi-part insulator as a 
test of assemblage stresses and for testing bodies 
which actually do become hot in sunlight. They 
are then of no benefit whatever in testing the serv- 
ice of a material which is in one piece and which is 
not heated in sunlight. 

L. A. Lewen*: I want to take this opportunity 
to ask engineers if there is anything inherent in 
design of 66 pin type insulator which makes it a 
bad are conductor? That applies in like manner to 


*\Vest Penn Power Company 
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low type insulator. It seems to be an inherent fea- 
ture of pin type insulators as they grow larger in 
size, they decrease in capacity. As that decrease in 
capacity takes place, electrostatic takes place and 
that is accompanied by tight wire strains. The 
dielectric stress where tie wire touches insulator is 
very high. Also the dielectric strain is high around 
the pin. So in a perfect it would be necessary 
to coat the insulator and that would have to be 
extended to a point underneath to a limited extent. 
If there is no one here who has actually done work 
on it, | would suggest Mr. Cox would answer the 
question. 

J. H. Cox*: Mr. Fortescue has covered the 
ground on the protection of transmission lines 
against lightning, including ground wires and kly- 
donograph information, rather thoroughly and I 
have only a few comments to add to his discussion. 
Ile has told you about the protection afforded by 
ground wires, and at the present time nearly all 
transmission engineers are strongly in favor of the 
use of ground wires on high voltage lines. 

In connection with the protection afforded by 
ground wires it is well to remember that the reduc- 
tion in the number of flashovers experienced is 
ereater than the percentage reduction in voltages 
induced. ‘This is illustrated in Fig. 1. If the num- 
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FIG. 1. 


ber of surges of any voltage experienced on a line 
without ground wires, is plotted against voltage, 
the curve will be of the form of the upper curve in 
the figure. If then the horizontal line represents 
the flashover voltage of the line in question, then 
all surges above this horizontal line and below the 
curve will represent line flashovers. A similar curve 
can be drawn for the same line under the same 
atmospheric conditions, but equipped with ground 
wires, by reducing each abscissae by the percentage 
reduction accomplished. Such a curve would then 
be similar to the lower curve in the figure. It is 
obvious that the area representing flashover is now 
reduced by a much larger percentage than the per- 
centage reduction in voltage. In fact, it is easy to 
see that on a high voltage line this area might 
almost disappear. 


*Westinghouse Elec. & Mfg. Co., East Pittsburgh, Pa. 


The curves of Fig. 1 might represent the surges 
encountered on any line of a given height in a 
given location, regardless of the operating voltage. 
Then for different values of insulation the horizontal 
line would be in different positions relative to the 
surge curves. It is evident that, for the lower values 
of insulation the flashover area, even after the re- 
duction, might still be appreciable. The question 
arises; on lines of what voltages are ground wires 
desirable? It is seen that, for the lower voltage 
lines, even after the reduction in voltage of the 
surges, there might remain too many with flash- 
over magnitude. In this case other means might be 
necessary to give satisfactory operation. However, 
on any line, ground wires will give a definite pro- 
tection and would alleviate conditions encountered, 
and whether or not they would be economically 
justified depends upon the individual situation. 


I have made some calculations on the influence 
of resistances, both ground wire and ground re- 
sistance, on the performance of ground wires. These 
calculations indicate that ground resistance has little 
influence on the performance of ground wires, if of 
any reasonable value. If the resistance is too high 
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FIG. 2. 


to permit the complete reduction at the first tower, 
the additional reduction will take place at subse- 
quent towers until the ground wire reaches ground 
potential. Irom this point on, the ground resistance 
has no influence. However, if a surge causes flash- 
over at all, this flashover will generally take place 
at the first tower from where the surge is initiated, 
and it is therefore important that the surge be re- 
duced as much as possible at this point. Therefore, 
an effort should be made to provide ground resistance 
reasonably low, but a value less than about 100 
ohms gives negligible effect upon the protection 
provided, 

The series resistance of the ground wire itself 
has negligible influence if a conducting material is 
used. Even assuming a steel ground wire, and a 
resistance to surges equal to 100 times the d.c. 
resistance, the reduction in protection provided is 
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less than 1%. However, the resistance of a steel 
wire to an impulse is quite unknown and might be 
many times greater than 100 times the d.c. resist- 
ance. Therefore, it is desirable that a conducting 
material be used. Fortunately the conducting ma- 
terials are also weather-resisting materials and, as 
brought out in Mr. Fortescue’s discussion, the quality 
of installation of the ground wire should be equal 
to that of the rest of the line. A thin outer coating 
of conducting material is entirely satisfactory, and 
is cheaper than a conductor of the ordinary line 
conductor type. 

A considerable amount of protection for station 
apparatus is provided by any capacities connected 
to the line at the terminal. The condenser type 
bushing provides an admirable capacity of this type. 
When a travelling wave reaches the open end of the 
line, it reflects and impresses double the incoming 
voltage. A transformer connected to the end of a 
line presents essentially the same condition to a 
brief impulse as an open line. If the line is shorted 
at the end, the voltage reflects with reverse sign 
and impresses zero voltage at that point. In the 
first instant a condenser presents the same effect 
as a short circuit. With the advance of time, the 
condenser becomes charged and if the wave is of 
long duration the potential. reaches, finally, the 
same value as it would on an open end line. There- 
fore, small capacities only provide protection for 
steep short duration surges. Taking a typical ex- 
ample of a 220 kv. line terminating in three con- 
denser type bushings per phase, that is, two in a 
circuit breaker and one in a transformer, a million 
volt surge with a front of 0.1 microsecond, instead 
of reaching two million volts would be limited to 
200,000 volts, provided it is chopped by an insulator 
flashover and the tail of the wave removed. With 
a one microsecond wave the reduction is less, and 
is only about one-half. For a five microsecond wave, 
or a steep front wave with a duration of five micro- 
seconds, the protection is negligible. 


In Mr. Hawley’s paper the statement was made 
that, by virtue of the impulse ratio of insulators, a 
line would withstand a surge ten times normal with- 
out flashing over. As brought out by Mr. Fortescue, 
if a steep front surge greatly above the 60 cycle 
crest flashover is impressed on an insulator, the 
voltage will reach considerably above the 60 cycle 
crest flashover value before the flashover takes place. 
However, if a surge, with a duration as produced 
by lightning, and only slightly above the 60 cycle 
crest flashover is impressed on an insulator, the 
insulator will still flashover. In other words, for a 
full length surge as produced by lightning, the im- 
pulse ratio of line insulation is one. This checks 
with the results of our klydonograph investigations. 
Records were obtained of voltages ten or more times 
normal, but in each case such records were accom- 
panied by a line flashover. In no case was a rec- 
ord obtained more than about seven times normal, 
or the 60 cycle crest flashover value, when a flash- 
over did not occur. In other words, the insulation 
would not withstand lightning surges above the 60 
cycle crest flashover value. 

D. M. Petty*: We built our transmission lines 
carrying 6600 volts, ten or fifteen years ago. We 
started with insulators having a nominal rating of 
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These were re- 
placed with insulators with normal rating of 35,000 


15,000 volts and had some trouble. 


volts and the trouble has been eliminated. The thing 
that had me worried until the last speaker read his 
paper was that we were insulating our lines for 
voltages somewhat above their transmitting voltages, 
and therefore surges having no place to spill over 
would carry into our 6600 volt motors and generators 
and cause insulation failures. 

Lightning arrester has been suggested as the 
answer and we are going along with that idea. We 
spent a good deal of money also on putting ground 
wires over our 6600 volt apparatus, and | gather we 
might have saved all that money. 


D. M. Petty: 
J. H. Cox: 


D. M. Petty: What do you reduce strain on in 
sulators in volts? 

J. H. Cox: The voltage reduction varies accord 
ing to the arrangement and the initial induced volt 
age. 

D. M. Petty: That is 35,000 volts is some fixed 
value of reduction; your ground wire has not done 
any practical good? 


What is it on 6600 volts? 


I would have to calculate that. 


A. C. Cummins*: Steel mill electrical engineers 
as a class have had little operating experience with 
power transmission at high voltages. ‘The average 
steel plant uses either 2200 or 6600 volts for trans 
mission purposes and there are only a few installa- 
tions where 22,000 and 44,000 volts are used. Wihere 
higher voltages are used dirt has become such a 
factor in the vicinity of Blast Furnaces that in 
foggy or misty weather it seems to be almost uni 
versal to find that visible creeping is apparent even 
in daylight. The steel mill engineer is very anxious 
to learn from public utility operating men wether 
visible leakage permanently damages insulators and 
bushings, and if a complete failure is to be antici- 
pated after a short period of such leakages. All 
operating men realize that when leakage over in 
sulators becomes of such magnitude as to become 
visible that insulators should be cleaned at the 
earliest opportunity. The question that is now 
bothering a few steel mill operators is whether this 
cleaning should be done immediately, even at the 
expense of affecting production, or whether it is 
safe to delay such cleaning for several days or even 
weeks until a power outage can be conveniently 
arranged. 


Mr. Lewis’ rules for induced lightning voltages 
seems hard to apply to steel mill conditions. One 
tower that I know if in the vicinity of a steel plant 
is approximately 250 feet high to the bottom cross 
arm. Though it is equipped with ground wires it 
would appear that induced lightning voltages of at 
least 15 million can be anticipated. The problem of 
designing insulators for such conditions is beyond 
the present stage of the art. Perhaps the construc 
tors of this line have been fortunate in securing a 
location not frequently exposed to lightning voltages. 
Otherwise a very great number of flashovers will 
secur during the lightning season. I would like to 
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Analysis of Power Consumption Test 16" Roughing Stand 
Timken Steel Mill 


Timken Bearings vs Plain Bearings on Roll Necks* 


By F. WALDORFf 


This article consists of an abstract taken from a report compiled by the Timken Roller Bearing Co. 
June 15, 1926, and a discussion presented before the A.I.&S.E.E. at their 24th annual conven- 


tion June 28th, 1928. 


HE benefits to be derived from the use of roller 
bearings in rolling mills have long been the 
subject of many discussions. 

So well are they known, that, where the anti- 
friction industry was once the aggressor in the field, 
it already finds itself working overtime trying to 
keep abreast of the demands imposed upon it by the 
steel industry. 

These demands are exceedingly numerous and 
extremely varied, and, in some instances, so difficult 
of meeting, as to cause the bearing makers no small 
concern, 

In fact, one of the engineers of a well known 
steel company has several times expressed it as his 
conviction that the demand for anti-friction bear- 
ings for rolling mills, as yet, exceeds the art of 
producing them. The more one ponders over that 
statement, the more he comes to the belief that 
there is sufficient truth in it to justify the roller 
bearing manufacturer’s looking well to his equipment 
and bringing it up to the point it must eventually 
reach if full service is to be rendered to the trade. 

The benefits to be expected from the use of 
roller bearings in mills are four-fold. They have, 
to date, always been classified as Power Savings, 
Reduction in Maintenance, the practicable elimination 
of Repair Costs, and, the continuity of operation 
of the mills with the attending increase in both 
quality and production of the material rolled. 

The one benefit, however, that is of the greatest 
importance, is Savings in Power. It is the one 
question that is brought up with increasing reg- 
ularity and persistency, and while the bearing manu- 
facturer today is only a bearing producer, it appears 
that he may shortly be called upon to assume the 
role of consultant, who, because of the close rela- 
tions he has with both mill builders and operators, 
would be able to fix upon the sizes of bearings that 
could be safely recommended for the service any 
mill is to perform. 

Before such a_ favorable condition could be 
brought about, much development work would have 
to be done. Mills of every type would have to be 
tested out for every condition of rolling. 

The action of steels of different analyses and 
temperatures, in mills of various sizes, would have 
to be observed. Data would have to be accum- 


*Presented before the Association of Iron & Steel Elec- 
trical Engineers, June 28, 1928, at Chicago, III. 

*District Mer., Timken Roller Bearing Co., Steel Mill 
Division. 


mulated, and later compiled in such form that would 
permit of its use with confidence and with safety. 

The members of the Association have long been 
cognizant of the fact that the motor builders have 
been collecting data for years on the power require- 
ments for driving rolling mills. You should there- 
fore readily agree that it would be years before any 
anti-friction bearing manufacturer could be in posi- 
tion to assume the responsibility the steel industry 
already desires to impose upon him. 

It is indeed remarkable what definite progress 
has thus far been made in the application of anti 
friction bearings to roll necks. It is particularly so 
because the mill operator was almost without any 
knowledge of the actual pressures that are required 
to roll steel of various kinds. The bearing manu- 
facturers have therefore been obliged to run a num- 
ber-of costly tests to determine these pressures 
before proper bearings could be designed. 

It is our belief that the steel producer should 
determine the loads imposed upon his mills for 
different classes of rolling. This knowledge is vital 
to him regardless of whether he is now using, or 
plans to use, bearings of any kind. 

If the industry took it upon itself to do this, it 
would be giving anti-friction bearings the same 
break they now receive from some fifty other large 
industries which now use them. The steel industry 
is today the only industry that does not tell the 
bearing builder what loads they desire to handle. 

In many mills where anti-frictions are now being 
used, we find very little information as to what 
power savings is being realized. 

At the outset, you accepted, without reservation, 
our statement that from 30% to 40% savings in 
power can be effected through the use of roller bear- 
ings in mills. These figures were quoted by us 
only after we had spent months in making observa- 
tions and collecting data on our 16” 3-High Bar Mill, 
which, by the way, consists of only one stand. 

An analysis of the data which formed the basis 
upon which our statement was issued will presently 
be made, but in the end you will note that our re- 
sults give information only on rolling several sizes 
of squares to two sizes of ovals. 

Before we can, with safety, assume the respon- 
sibility of fixing the size of a bearing to be used 
in a mill, it will be necessary that tests of endless 
description be made. 

There is only one laboratory in which such tests 
can be made and that is the existing steel mills in 
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the country. 
main, only such products as it requires for the 


manufacture of roller bearings. Our facilities for 


making tests are therefore limited to squares, rounds 
and some seamless tubing. All other types of tests 
would have to be made in the steel mills in the 
country, and time alone will tell to what extent they 
would co-operate with us in the quest we all must 
make before the question of roller bearings for all 
types of mills can be successfully solved. 

Under date of June 15, 1926 we published a re- 
port of the test we ran on our 16” 3-H Miull.* 


Two hundred and seventy-nine billets, in all, 
were rolled during the test, but because of the 
diversity of steel and analyses handled, our report 
vives comparative data on only 160 of the total 
number of billets rolled. The report shows reproduc- 


*Reprints may be had 


The Timken Steel Plant rolls, in the 


tions of twelve wattmeter charts that were taken 
at random. Six of these charts cover the rolling 
of steel on plain bearings and the remainder show 
the results while Timkens were used. 

On. pages 22 to 27 inclusive of this report, we 
show tables giving the logs of each individual billet 
rolled. The steel rolled, the size of billet, the total 
reduction taken, and the final section rolled are 
given at the tops of the tables. The type of bearing 
is also given. 

Each billet, in each test, is numbered and the 
complete rolling data, such as mill speed, temperature 
of the steel, and the maximum K.W. used is also 
given. In the last three columns we give the power 
consumption in K.W. hrs. per foot of billet, for 
total load, friction load, and net rolling load. 

In the analyses of the charts that will follow, 
the K.W. hrs. per foot of billet merely represents 
the total K.W. hrs. used while the billet was rolled 


FIGS. 8 AND 9—TYPICAL WATTMETER CURVES 


3x3" Billets—2%4"x1" 


Oval—Nickel Moly. Steel 
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FIGS. 10 AND 11—TYPICAL WATTMETER CURVES 
3”x3” Billet to 2'%4”x1” Oval—1.25 Nickel Steel 
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FIGS. 12 AND 13—TYPICAL WATTMETER CURVES 
214"x2Y4” Billet to 2'/2”x1” Oval—3.5 Nickel Steel 


SE icicanite 








FIG. 12. 











op te eae 


August, 1928 


IRON AND STEEL ENGINEER 379 





divided by the length in feet of the billet as it came 
from the furnace. 

The average results published on pages 11, 13, 
15, 17, 19 and 21 
the tables appearing on pages 22 to 27 inclusive, 
but these averages cannot be applied to the twelve 
charts shown in the report when the analysis of 
any one chart is made. 

The rolling characteristics for the individual bil- 
let covered by the chart in question must be taken 
from the tables on pages 22 to 27 inclusive and 
analyzed individually. 


are those given at the bottom of 


In other words Figure 8 on page 10 covers billet 
number 10 in the log of tests on page 22; Figure 9 
on page 10 covers billet number 40 in log of tests 
on page 23. The billet number 36 given in Figure 
9 is no doubt correct and apparently the character- 
istics for this billet was listed in error under number 
10 on page 23. 

One of the papers read on Tuesday of this week 
gave the power consumption in terms of K.W. 
hrs./Gr. T/N and H.P. Sec./1 cu. in. displ./N. 

Since our tables publish the power consumption 
in terms of K.W. hrs. per foot of billet rolled, it 
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FIGS. 14 AND 15—TYPICAL WATTMETER CURVES 
2'2"x2%" Billet to 24%4”x1” 


Oval—1.25 Nickel Steel 





FIG. 14. 
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will be in order to convert this term into terms 
that are used by the industry at large. 

The figures that are shown herewith are re- 
productions of figures 8 to 19 inclusive, pages 10 


comparisons of the plain and Timken charts shown 
in this report. 

The method of converting the information on the 
chart to the terms used by the industry is as fol- 























to 20, as published in our 16” Mill test report; and lows: 
for ready identification are given the same numbers 2240 x K.W. hrs. 78 ae 
in this analysis. —_——————_ > K..W.._ hrs./Grs. T/N 
As each pair of charts is analysed, reference AAD WW a ae 

should be made to Fig. 1 which is a tabulation of K.W. hrs. = Total K.W. hrs. used while rolling 
the results of each analysis made, and finally gives the billet covered by the chart. 
the average power savings obtained from the six \W = Weight of that billet in pounds. 
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FIGS 16 AND 17—TYPICAL WATTMETER CURVES 
2”x2” Billet to 134”x%” Oval—3.5 Nickel Steel 
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2240 = Number of pounds in one gross ton. R = The total reduction in square inches, 
and L, = Length of billet before rolling, in inches. 
2 653,200 x K.W. hrs. , : ' 2,653,200 Number of ft. pounds in one K.W. hr. 
———__—_—__——_——— = H.P. sec./1 cu. in. displ./N — ; ais 
550xRxL 550 Number of foot pounds in one H.P. sec. 
K.W. hrs. = Total K.W. hrs. used while rolling An inspection of Fig. 1 showing the tabulation 
the billet covered by chart. for the six pairs of charts will show that the percent 





FIG, 17. 


FIGS. 18 AND 19—TYPICAL WATTMETER CURVES 
174"'x174" Billet to 134"x54"" Oval—Nickel Moly. Steel 

















7 

\_ \ \ } Bk EL A \ \ + 

\ \ \ _\ 7 \ 
\ \ LF tI Niet _\ \ 70° Ber _\ \ 


L%\ x FB” L | \ AUC ACE MOLY \\STEEL 
ZTEMP NES? fF 

































































Tova. Kw Hes _| -772| PF OF MoT: IO 








a) I7VQ 



































IRON AND STEEL ENGINEER 


August, 1928 



























































































































































































































































382 
a b \ 
» wee * 3 - oa 
\ \ \ og \ \ re | 7 \ \ 
+ \ Heated. 2 V. Last ius IW nada 4 +. \ + \ 
ee AEE. gO SR 
“ ro 
\ \ LH ALB.” 
\ | ; \ FAP 2275°F t 
Zor wes | 1738| RPM of Moror $55 
NOL 2 Ss -J56 REA oft COLL ALA 
MET ROLLING kw AAS / LEZ 
tC 
ee 
l ! l / | | } 
t ; 
= EE RE EE MOS 5 / 
bg gy of Be 8S 
Fé J /. 33 = im /400 As Sa 1.3 v 
7 6 is Y 
2% 3 IS SEc al 
FIG. 19. 
z 5 | oe | éi/é le f g 
% 2 oD LST eA PRL Cea ial alata 32 |e] 
a s - 2| = =|siz|#2 = |6/Ge/6& eis/2e/S8siela , 
~ g a|; & = abe : $ : Sa | Sa ; it 33 3 2 | % .) 
& j a) 1 Flzle la] FLEE PEP] al RP we Pe | ay 
& wit Yi. | oj tc fs 
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Oval 10’-0" 305 46 2030 108 15.18 11.86 8 
2Yx1 11’-0"” 336 54 2074 110 26.66 20.8 11 
3x3 125 Ni 9 7.92 927 — 139 9S —— ee | 
Oval 11-0” 336 51 2320 109 10.8 8.56 10 
24x] 14-6" 307 37 2085 116 743 18,92 16.8 13 
21x21 35Ni 7 re. gutted Te. eo: ee SF 
Oval 8-0" 170 30 2085 108 410 13.68 12.2 12 
_ 2%4x1 14-6” 307 44 1997 108 743 22.02 19.55 15 
24x24 1.25 Ni 7 Ce oe pie 1s 109 55.5 — 
Oval 14-0" 207 41 2311 108 717 9.72 8.7 14 
134x15% 15-0” 197 33 1975 118 340 25.03 19.65 17 
2x2 35Ni 7 300 —— - 88 35 oe ae 
Oval 11-5” 150 31 2095 116 411 16.26 12.77 16 
134x154 7 8028 «2275 111 53.94 44.2 Y 19 
1%x1% NiMo 7 a9 2 = 32.5 60.5 ae ee 
Oval 7-0" 80 28 2185 118 21.48 17.5 18 
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10’-0" 305 2149 111.2 842 23.55 18.4 Fig. 9 
icine _= 12 51 a ao 9.35 51 saininiaie 
9-0" 275 —2:149 96 758 11.56 9.05 Billet 22 
10-0" = 305 2149.2 84223. 18.4 Fig. 9 
——____—__—_—_—_— 5.7 24.2 - — 448 244 —— 
9-6" 290 2145 112 800 17.85 -_ 3.9 8 =—S ___ Billet 27 
iO” 205 2030 108 842 15.18 11.86 Fig. 8 
——___—_____— 6.22 291 —————— 48 29 —_—_—_— 
9-8" 295 2030 (1074 _—8i4_— 21.4 16.7 —______siBillet_ 19 
10-0" =. 305. 2030108 842 15.18 11.86 Fig. 8 
——$$$$__—___—— 492 245 -———— a 6CUMSCl 
¥-7" 293 2030 107.4 807 20.1 15.7 Billet 23 





savings are not exactly correct except in the case of 


the third comparison. You will note that the tem- 
peratures are not the same except for that case. 


That all of the other percents would change some- 
what if the temperatures were the same is quite 
apparent, although the corrections would be slight. 
See Fig. 2. 


A final reference to Fig. 1 will show that the 
overall savings for the six comparisons made 
amounts to 45.7%. If the corrections could be made 
for billets of the same temperatures it is probably 
more than likely that the overall savings would be 
at least 40%. 

Returning to Fig. 2 billet No. 22 on page 2% 
of the report had a temperature of 2149°. This billet 
was 9 feet long and was rolled on Timken Bearings. 
The total K.W. hrs. used was 1.41 and which when 
converted showed 11.56 K.W. hrs. per Gr. Ton per 
N, and 9.05 H.P. sec. per C.I. displ. Comparing 
these values with the 23.55 and 18.4 shown for plain 
bearing rolling we get a saving of 51% in each case. 


Billet No. 27 shown in Fig. 2 had a temperature 
of 2145° and was 9 6” long. It was also rolled on 
Timkens. The total K.W. hrs. used was 2.31 mak- 
ing the K.W. hrs. per Gr. Ton 17.85 and the H.P. 
sec. per C.I. displ. 13.92. On comparing these values 
with those for the plain bearing rolling we get 24.4% 
saving. 

Billet No. 19 in Fig. 2 had a temperature of 
2030°F. It was 9’ 8” long and was rolled on plain 
bearings. The power used to roll it was 2.81 K.W 
hrs. giving us 21.4 K.W. hrs./Gr. T/N, and 16.7 
H.P. sec./cu. in./displ. 

Comparing these with the 15.18 and 11.86 shown 
for Timken bearing rolling we get a savings of 29%. 


Again billet No. 23 in Fig. 2, also had a tem- 
perature of 2030°F. It was 9 7%” long and was 
rolled on plain bearings. The power used was 2.62 
K.W. hrs. for this billet giving us 20.1 K.W. hrs. 
Gr. T/N, and 15.7 H.P. see./cu. in./displ. 


Comparing them with the values for the Timken 
rolled billet of the same temperature we get 24.5% 


savings. 











36 273.9 237.9 237.9 237.9 
59.5 36.0 24.4 29.0 24.5 
27.4 237.9 6 262.3 6 266.9 — 6 1262.4, 
55.5 51.0 "43.7% “F48% "43.7% 
35 6 288.9 
60.5 48.1% 

6 |!273.9 
45.7 


If we now correct the overall savings shown by 
the six comparisons to cover the rolling of billets 
in comparison in Fig. 1 at the same temperatures 
we get 48.1, 43.7 and 44.8% savings. These are all 
above the 40% I just mentioned. 


It so happened that at the time your author 
prepared the paper he read before the Association 
at Pittsburgh last June, he had in his possession the 
power consumption for each pass shown on charts, 
Figures 8 and 9. 


With the limited time at his command he has 
prepared the rough analysis of each pass shown in 
lig. 3 which indicates the results obtained. 


_ You will note that the K.W. hrs. used per pass 
is given, the reductions taken per pass, and the 
H.P. see./eu. in./N are also given. The third from 
the last column gives the percent of plain bearing 
power used by the Timken equipped mill, and the 
overall savings for the bar is given as 36.8% as 
against the 36% shown in Fig. 1. 

You will also note that pass No. 8 was only a 
return pass. If it had been possible to finish the 
oval in eight passes, thereby eliminating the return 
pass, the actual K.W. hrs. would have totaled up 
2.898 and 1.846 for plain and Timkens respectively, 
and the percent saving would have been 36.2% 
against 36.8% shown before. 

[Llowever, as the mill was using power while re- 
turning the bar, the cost of same was charged to 
the rolling operation. 
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: , Considering Entire Unit oy Considering Mill 
: ~ K. W. H. é = Alone 
- - | | es . ui = Used H.P. Sec. /Cu. = = 
“a | Se . = & 3 & ee |o# By K. W. H. /Gr. In. Displ. =i 
a «| 3g 8 = Pa-¥ 3 PE lms Pans Ton This Pass. Es Net Rolling H. P. 
a 4 Caw & = 9 g SBegian seis This Pass. Let. From $25 On Basis of Max. 
° Sw = : oS S 2 nm |e Col. 4. eH K. W. Input During 
é = © u oS ) cleo eg This Pass. 
7, = & 5 a] afi “ se This Pa 
a Pp 3 Bearings Bearings Bearings a 3 
= 5 wo Bearings 
o 
Plain Timken | Plain Timken Plain Timken | *” Plain Timken 
1 3”x27/16" Flat 170 10.0 1.23 42 204 .220 = .078 1.61 37 5.2 1.84 35.3 1025 30 Approx. 
2 2,"x214" Edee 108 123 117 44 160 293) 121 215 89 89 368 412 234.0 75 Approx. 
3 27/16" Diamond me ee 3.9 50 181 .142 Loo 104 17.4 13.65 785 102.5 90.0 
| 3/16” Diamond RTi 6 692 6 OTS 3.8 202 .216 164 1.58 1.20 5.2 3.95 76.0 146.0 141.0 
5 131/32” Diamond Bi. 367 ide $4.3 195 302 .203 2.21 1.49 15 5.05 67.3 215.0 166.0 
6 125/32" Diamond 65 228 1.20 5.5 178 .396 250 2.91 183 10.7 6.75 63.0 203.0 191.0 
7 15%” Diamond 67 273 ‘1:26 5.5 219 535 328 3.92 2.41 11.8 7.25 61.3 215.0 179.0 
8 Return only 34.4 6.0 314 .224 2.30 1.64 --- — 71.4 121.5 102.0 
9 2%"x1" Oval 65 344 133 84 268 .755 560 5.54 411 13.5 10.00 74.3 4020 354.0 
For total elongation 7.02 10.0 4.58 46.0 842 3.212 2.070 23.55 15.18 184 11.86 63.2 Average 
. 2. 898* 1.846* 16.55* 10.55* 36.8 Savings 
*Values #8 pass could have been omitted. PG 
+Assuming compacting of steel does not affect elongation. 100.0 
es oe saa a nen as era ¢ » Sane ) 7. . . a y ¢ 4 4 “ . . - ° 
Ifa similar correction were made for H.P. sec./cu, 210 KW . and 140 K.W. thereby showing that while 
in. these items would be 16.55 and 10.55 against no reduction was being made in the steel, the mill 
18.4 and 11.86 for plain and Timkens respectively. used some power while dragging the bar along the 
The H.P. sec. values would be lower but the savings floor plates in front and back of the mill. 
would be the same. The formulae used when the H.P. sec. were cal- 
The K.\W. hrs. used for pass 8 were for over- rip tor the individual passes covered by Figs. 
e e oe ° . rye . . Ss . ra > a2 roe 
coming mill friction load mainly. That this 1s true and 9 were as follows: 
K.\V. hrs. for the pass x 1.34 = H.P. hrs. 


can be seen from an inspection of the friction load 
charts shown in Figs. 6 and 7. 

Figure 7 shows the no load wattmeter 
plain bearings and you will observe that the line 


around 110 K.W., and 


hovers somewhere 
Timken Bearings around 70 K.W. See Fig. 6. In 


Figs. 8 and 9 the lines for pass No. 8 hover around 


curve for 


that for 


H.P. sec. 


H.P. sec./cu. in 


H.P. hrs. x 3600 = for the pass. 


H.P. sec. 
RxL 
K.W. hrs. = For the pass in question. 

R = Reduction in sq. in., 


. displ. 


I, = Length of billet before the pass in inc 


TYPICAL WATTMETER CURVES 
Friction Load 
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The last formulae can be simplified somewhat 1 


the length of the billet before the pass is taken in 
feet thus: 


K.W. hrs. x 1.34 x 3600 | 
————————————_- and by cancellation this 


becomes 
102 K.W. hrs. ' 
= H.P. sec./cu, in. displ./during the pass. 
Rx L 
I, in this case being taken in feet. 


In conclusion it should be said that the primary 
object of this paper is to give the industry assur 
ance that the power savings to be gained through 
the use of anti-frictions can be assumed to approach 
30%. 

A check on power savings was made in a 10” 
2-H rod mill which was an individually driven unit. 


I do not have the exact data here on what oval 
was rolled, but the rod delivered was .612”Q. 


The power required to drive the mill while roll 
ing on plain bearings was 170 H.P. The power re 
quired to drive the mill empty was 95 H.P. This 
left 75 H.P. for the actual rolling. 


When Timkens were put on the roll necks alone, 
the power to drive the unit while rolling was 95 
H.P. and this dropped to 20 H.P. when the mill was 
empty. This again left 75 H.P. for the actual rolling. 

If you take the difference between 170 H.P. and 
95 H.P. you get a savings of 75 H.P. or 44%. 

In a Bliss cluster mill installation where up to 
18” wide cold strip is rolled, a saving of 60% has 
been shown by the use of roller bearings. The 
comparison was of course made with two high mills 
as used at first. 


In another plant where four high mills were in 
stalled for cold rolling wide strip, it was estimated 
that 350 H.P. motors would have to be used. On 
our advice 30% was cut off this size, and 250 H.P. 
motors were installed. 


To date the maximum power required has not 
exceeded 180 H.P. Up to 38%” wide alloy sheets 
have been rolled at 13.1% reduction, the sheets be 
ing brought down from .114” to .099”, 

In some preliminary analysis your speaker re- 
cently made of a six stand 2-H continuous skelp 
mill the ranges were as follows: 

135% in the first stand to 39% in the sixth, with an average 
of 26.8. 


21.6% in the first stand to 40.6% in the sixth, with an 
average of 31.1. 


19.0% in the first stand to 39.6% in the sixth, with a1 
average of 29.6 


12.3% in the first stand to 36.0% in the fifth, with an 
average of 25.4 


From the above it appears that where loads are 
light and the speeds low the savings will not be so 
great as when loads are heavy and the speeds are 
high. 

All of the foregoing savings were calculated from 
assumed rolling loads and co-efficients of friction. 





Finally, your attention should be invited to one 
lact that is of greater importance to the bearing 
manufacturer than is the question of power savings. 
| refer to the problem of accurately knowing what 
loads anti-friction bearings must be prepared to take. 


Sixty-nine pressure tests we have so far made 
indicate, beyond any doubt, that far greater loads 
are imposed upon the roll necks than have been 
empirically determined upon in the past. 


No one will question the statement that while 
the necks and brasses in the plain bearing mills of 
today are taking greater loads than they were de 
signed for, the fact is reflected only in the extra 
brass upkeep cost that is merely added to the over- 
all rolling charge. The increase in neck breakage 
is probably very slight because it is very likely that 
the material in the rolls can take far greater loads 
than were originally calculated would come upon 
them. 


In the case of roller bearings however, it would 
spell disaster to design a bearing for one load and 
then subject it to an overload of from 100% to 150% 
from the start. It is therefore of far greater im 
portance that the bearing industry be given the neck 
loads that actually occur than it is fair to ask him 
to guarantee an exact figure that can be expected 
in the way of power savings. Such a possibility is 
still vears away and in the interim only approxima 
tions can be made and then carefully checked when 
mills are in actual operation. 


If you will give credence to the thought that 
where it has once been the practice to assume that 
it takes 30,0004 per ‘to deform hot strip, and that 
test has since disclosed that it actually takes from 
65,0007 per ” to 130,000% per ws you will agree 
that the question of loads bearings must take is one 
that cannot safetly be calculated by the old rule of 
thumb method. 


We do not for one moment wish to evade any 
responsibility we should take as bearing builders. 
by the same token, we do not believe that the in 
dustry expects us to do anything that is, as vet, 
impossible. We therefore bespeak a modicum of 
patience on the part of the industry pledging in the 
meantime our assurance that we are as vitally inter- 
ested in the mill bearing question as you are. In 
reality we are more so, for the reason, that while 
we are bending every effort to keep abreast of the 
demand, the demand, in return, continues to grow 
apace. 

Our company has been rather reluctant in stating 
definitely to the industry their plans as regard the 
production of roll neck bearings. 

\We feel, however, (since the application of bear 
ing has developed to its present magnitude) we are 
privileged to state that our company has already 
invested close to half a million dollars in heavy 
machinery and equipment for use exclusively in 
producing these large bearings, and we dare say 
much of this equipment was even purchased before 
we had any definite orders in hand, knowing, as we 
did, that it was only a matter of time when we 
would be amply compensated, in profits, for the 


foresight thus used. 
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(Devoted to practical problems of electrical department employees in the 


REVERSING CONTROLLER 
WITH WESTINGHOUSE 
DEFINITE TIME ACCEL- 

ERATING RELAYS 


(Continued from July Issue) 


Fig. 8 shows a simple reversing 


controller with definite time plug- 
ging and accelerating relays. <A 
complete wiring diagram for a simi- 
lar controller is shown in Fig. 9. 
The principle elements making up 
this controller are shunt line, direc- 
tional and accelerating contactors, 
a low voltage protection contactor, 
one plugging relay to control the 
plugging contactor, accelerating re- 
lays to control the timing of the 
aceclerating contactors, one two- 
coil overload relay, main line and 
control knife switch and a suitable 
master switch. The master switch 
in this case is a four point master 
providing four points of speed con- 
trol. The operation of the control- 
ler is as follows: 


Iron and Steel Industry) 

















FIG. 8. 


Forward: When the master 
switch is thrown to the forward 
position directional contactors 1 
and 3 and line contactor 5 close 
completing the motor — circuit 
through the starting resistor R, to 
R,. Due to the current flowing in 
the motor circuit the movable coil 
PGM of the plugging relay PG and 
coils 12M and 13M of the accelerat- 
ing relays are energized by the 
voltage drop in the armature and 
resistor steps R, to R, and R, to R, 
respectively. (Coil PGN of the 
plugging relay is a fixed shunt coil 
energized at all times when the 
control switch is closed. Coils 12N 
and 13N of the accelerating relays 
are merely demagnetizing coils, 
having only a few turns in series 
with each other and the coil of the 
no-voltage contactor NV. They are 
energized at all times when the 
control switch and no voltage con 
tactor are closed). When the mov- 
able coil PGM of the plugging re- 
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FIG. 9. Wieine DIAGRAM oF REVERSING 





CONTROLLER WITH 
WESTINGHOVSE Darinite Tire Accese@earinse RELAYS. 
































FIG. 9. 
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lay PG is energized it exerts a force 
in the permanent field of coil PGN 
causing it to close contacts 32—1I1 
thereby completing the cireuit for 
the operating coil of the first ac- 
celerating or plugging contactor 11. 


In closing, contactor 11 short cir 


cuits the first section R, to R, of 


the starting resistor and the main 
operating coil 12M of the first ac- 
celerating relay. The flux in relay 


12M then begins to decay and, 
after a predetermined time, the 


spring pulls its armature open, clos- 
ing contact 12R. Contact 12R clos- 
ing completes the circuit for the 


g 
operating coil of contactor 12 caus- 
ing it to close and short out sec 
tion R,, to R, of the starting re- 
sistor and the main coil 13M of 
the second accelerating relay. The 
action of relay 13M is the same 
as that of 12M and contactor 15 
closes after a definite time short- 


ing out the last step R, to R, of 


the starting resistor. 


Reverse: When the master 
switch is thrown to the reverse 
position the same action takes 
place except contactor 2 and 4 
instead of 1 and 8 close and the 


plugging relay closes on contacts 
32-31 instead of 32-41. 

Plugging: When the motor its 
plugged the plugging relay pre 
vents the first accelerating con 
tactor 11 from closing until the 
motor has come to rest and is 
ready to start in the opposite di- 
rection. The movable coil PGM 
being energized by the counter 


voltage of the armature retains its 

















FIG. 10. 





original polarity until the motor 
speed has decreased to such an 
extent that the counter  volt- 


age is less than the voltage drop 
which is of the opposite polarity. 
The polarity of the movable coil 
PGM reverses and reacts with the 
unidirectional field of coil PGN to 
close the opposite contact of PG. 
PG closing on the opposite con 
tact completes the circuit for the 
operating coil of the plugging o1 
first accelerating contactor 1] 
through the interlock contact on 
the directional contactor, 2 or 3, 


W hich is closed. 


Overload Protection: In case an 
overload occurs in the motor cir 
cuits the overload relay OL, opens, 
breaking the control circuit, allow- 
ing the contactors and no voltage 
contactor NV to open. The 
load relay recloses due to gravity 
but the no voltage contactor re 
mains open until the master switch 
is returned to the off position. A 
reset contact in the off position of 


over 


the master switch by-passes_ the 
contacts of the no voltage con 
tactor allowing it to close and 


complete its own coil circuit. 
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Fig. If. 
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WIRING DIAGRAM of DYNArI/C BRAKING COoNT@OuEe 
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DYNAMIC BRAKING HOIST 
CONTROLLERS 


Hoist controllers employing the 
principle of dynamic braking are 
made by the different manufac- 
turers who incorporate in them the 
underlying principles of control, 
such as design of equipment and 
type of acceleration characteristic 
of their mill type controllers. Fig. 
10 shows a dynamic braking hoist 
controller with series accelerating 
relays. A complete wiring diagram 
for this controller is shown in Fig. 
11. The controller 
shunt line, directional, accelerating 
and decelerating contactors, spring 
closed dynamic braking contactor, 
series accelerating relays, line and 
control knife switches and a suit- 
able master switch. The master 
switch is a 5 point master giving 
5 steps of speed control both hoist- 
ing and lowering. The operation 
of the controller is as follows: 


Hoisting: With the master 
switch on the first point contactor 
FE opens and contactors M, H and 
I, close. Contactors M and H 
establish the motor circuit through 
the starting resistor F. Contactor 


consists of 


I, in closing shunts the armature 
with resistance A to give slow 
speed hoisting. On point 2 con- 
tactor lL, opens removing the arma- 
ture shunt. On all succeeding 
points hoisting contactors R,, R, 
and R, close shorting out the ac- 
celerating resistance F. 


Off point: When the master 
switch is brought to the off posi- 
tion the spring closed contactor E 
closes, connecting resistance A 
across the armature and_ series 
field. The armature rotating, due 
to inertia or an overhauling load, 
acts as a generator forcing current 
through the resistance A. This 
current loads down the motor and 
has a strong braking effect com 
monly called dynamic braking. 

Lowering : \When the master 
switch is brought to the first point 
lowering, contactor E opens, con- 
tactors M, S and L close then R,, 
R, and R, close, through control 
contact circuits on IL, and H. On 
point 2, R, opens. On _ point 3, 
R, opens. On point 4, L1 closes 
and cuts out part of resistance A 
and on point 5, R, opens. The 
closing of contactors M, S and L 


establish parallel circuits for the 
armature and series field. On the 
first point resistance A is in the 
line and limits the current to both 
the armature and field. Resistance 
FE, is in the armature circuit. Re- 
sistance F is in the field circuit 
but is shorted out by contactor R,, 
R, and R,. Thus the field strength 
is a maxumum and the voltage 
across the armature is a minimum 
giving the minimum speed for any 
load. On the second and_ third 
points sections of resistor F are 
inserted in the series field, thereby 
weakening the field and increasing 
the speed. On the fourth point a 
section of line resistor A is shorted 
out further increasing the speed. 
On the fifth and last point the re- 
mainder of resistor F is inserted 
in the field circuit giving minimum 
field strength and maximum lower- 
ing speed for any load. 


Operation: With an empty hook 
or light loads current flows from 
the line into the motor driving the 
hoisting mechanism. With heavy 
overhauling loads the motor, being 
driven by the load, acts as a gener- 
ator and returns current to the 
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line. This generator action pro- required. Fig. 


duces the braking action common-_ diagram for 
ly known as dynamic braking. 


Overload Protection: In case an is commonly found on large bloom 


12 shows a wiring subject to the time limits of plug- 
series-parallel opera- ging and accelerating relays PH, 
tion of a two motor drive such as’ IA and 2A, contactors P, 1A and 
2A close shorting out the starting 


overload occurs the overload re- ing roll screw-downs. resistor R, to R,. 

n17¢C . > -e9 ke} P >» CON-| ryan . . E P 

lays C.¢ ).L.. pry a oo _ Che controller illustrated consists Lowering: Straight series oper- 
“ . . e ¢ ’ oO ¢ con- - . e ; : 3 = * Be . 5 

trol circuit ne , FW . C of shunt directional and accelerat- ation is provided in the lowering 
ae _ — 4 - ‘ n- e ; . ° ° ; J : ~ 

tactors except © to crop out : ing contactors, definite time plug- direction. On the first point con- 


tactor E, which is spring closed and 
magnetically opened, closes shunt- 


the master switch. 


TWO MOTOR CONTROLLER 
FOR SERIES-PARALLEL 
OPERATION a 


Hoisting: 


speed control 


It is not uncommon to find two 
motors, mechanically connected to 
gether, 


or a single control panel with bal 
ancing resistance for each motor sistor R, to 


are usually used. Where the mo- and 3H _ establish 
: armature A and 2H and 4H estab- 
for armature B. 
R. and R. to R,. 


tors operate in series a single con- 


troller serving the two motors as lish the circuit 
one motor is used. Often, how- Resistors R, to 


ever, it is desirable to have the are balancing 


motors operate in parallel in one with each armature to prevent un- 
direction and in series in the op- balancing of the load during par- : Res 
On the remaining Of position, where a reset contact 
master switch, and_ is provided, before starting again 


posite direction. For such opera- allel operation. 
tion a slightly different control is points of the 


PROTECTION OF TRANSMISSION LINES 
(Continued from Page 375) 
ask Mr. Lewis if lightning arresters on this tower 
would be likely to improve service. 

It may not be generally appreciated that the 
construction of a long span high voltage line in steel 
mills along the narrow river valleys of the Pitts- 
burgh District is not a simple proposition. The 
plants have been enlarged from time to time and 
usually all available space between the river and the 
nearby hills is occupied with buildings and tracks. 
Towers must be installed where little space can_be 
spared. As a result, span lengths vary from a few 
hundred feet to several thousand. lowers are 
restricted in base dimensions and become unusually 
heavy and expensive. Long spans in many cases 
necessitate extremely high towers, as the circuits 
must clear high buildings and stacks. Furthermore, 
the lines cannot be straight and angles occur at 
nearly every tower of such magnitude that nearly 
every tower is a full strain structure. The cost per 
mile of such a line may be two or three times 
greater than that of a cross country public utility 
line of standard construction. 

There is one other point which comes to mind in 
this discussion and that is that dirt in the steel 
mills is of such a character that it will not wash 
off insulators by driving rain or even with high 





master providing 


provided in the é 
driving a_ single unit. On the first point contactors 1H, ©! contactor r. 
Where it is desired to operate the 2H, 3H and 4H close, establishing 
motors in parallel two control parallel circuits for the armatures 
panels with a single master switch, and completing the motor circuits 
through the common starting re- 


resistors in series 


ging and accelerating relays, over- tactors 1L, 2L, and 3L close com- 
. ‘ load relays, under 
ing the motor with resistance A line and control knife switches and 
the same as ii the off position ol a suitable master switch. The mas 


voltage relay, pleting the motor circuits through 
armatures A and B in series and 
the starting resistor R, to R,. Con 


ter switch shown is a three-point tactors 72 and ai provide lowering 
three points Of connections to the armatures while 
both directions. contactor 31, connects the two 
lhe operation of the control is as armatures in series. The accelera 


tion 1s the same as in hoisting ex- 


Parallel operation is Cept that plugging relay PL in- 
hoisting direction. stead of PH governs the closing 


~ 


Overload Protection: Overload 
protection is provided by the over 
load relays OL, in each side of the 
line. In tripping the overload re- 
lays open the control circuit al- 
lowing the contactors to drop out 
and the under voltage relay UV 
to open. As the contacts of UV 
, complete the circuit for its own 
operating coil it is necessary to 

1 


Contactors 1H 
the circuit for 


return the master switch to the 


~ 


pressure hose. The most successful means of clean 
ing insulators in steel mills has been found to be 
steel wool as a rubbing agent in the hands of a 
husky lineman. When dirt clings to the porcelain 
so tenaciously it seems to me that it is beside the 
point to talk about the designing of rain sheds so 
that the driving rain will splash from the upper 
surtace of one convolution and wash out the under 
surface of the convolution immediately higher. What 
we need for steel mill duty is an insulator with a 
long creepage path so designed to secure uniform 
electrostatic stresses, and with a smaller impulse 
ratio than most insulators on the market. With 
such insulators the steel mill engineer could clean 
insulators less frequently and _ still keep leakage 
down to a safe amount. There would be less dan- 
ger of the insulators flashing over because operating 
voltages would be less likely to leakage on dirty 
insulators. At the same time lower impulse ratios 
would subject the apparatus to lower values of 
surge voltage than would be the case if extra units 
of standard designs were installed as a means of 
improving reliability. The only way to accomplish 
this result at the present time is to apply the larger 
number of units, and reduce the impulse ratio by 
applying horn gaps or rings adjusted for smaller 
arc over distance than is standard for the insulator 
string selected. If there is a better solution of this 
problem, steel mill engineers would be glad to hear 
about it. 
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ltems of Interest 


VIBRATION AS RELATED TO INDUSTRIAL 
LIGHTING 


By ALLISON J. THOMPSON* 


IBRATION presents a very real problem in 
V industrial lighting, due to the extremely deli- 

cate structure of the light-producing filament in 
the incandescent lamp. 

There are six characteristics, or factors involved 
in vibration, viz: Wave-length, intensity, frequency, 
rhythm, direction, and the character of the vibrating 
medium—each of which has its own peculiar influ- 
ence or effect upon the lamp filament, either by it- 
self or in conjunction with one or more of the other 
factors. So it becomes essential to safe-guard the 
filament with respect to each of these factors. 

There are two types of vibration which are par- 
ticularly destructive to the lamp filament: the first, 
and apparently the most common, has a short wave- 
length with a high intensity, producing a sharp im- 
pact, jolt or jar which breaks the lamp filament— 
just as it is the sharp, quick blow that shatters 
molasses candy. 

The second type of vibration has a very short 
wave-length of high and rhythmic frequency—pro- 
ducing a molecular agitation or disturbance in the 
lamp filament which in time will cause it to break 

just as a piece of wire may be broken by bending 
it back and forth a sufficient number of times. 

Vibration may be defined as an intermittent and 
more or less rhythmic reversal of movement, along 
with a resultant conflict between momentum and 
inertia. 

When a ball is projected through space, if per- 
mitted to proceed until the energy of the projecting 
impulse is exhausted, the ball will fall to the ground, 
and nothing happens. This will correspond to one 
wave-length from one impulse. But if in the mean- 
time the ball should strike something which stops 
its flight, the remaining portion of the wave-length 
will be shattered into fragments, which will proceed 
through the opposing body, impelled by the unex- 
pended energy of the original impulse, gradually de- 
creasing in intensity until it is finally exhausted. 

That is to say—vibration may be produced by a 
single blow or impact, as in the cast just described, 
or by the operation of a power hammer in a forge 
shop, jarring the ground around it, or by the im- 
pact of a falling body, by an explosion, or by any 
sort of impulse which jars or jolts a resisting, elas- 
tic body or supporting medium, — Vibration pro- 
duced by any of such means will die out as it pro- 
ceeds in its course, like ripples on the water. 

Or, it may be produced by a cumulative syn- 
chronism of impulses which will have the effect of 
augmenting the vibration, whether it be caused by a 
dog trotting over a more or less flexible bridge, or 
by a series of impacts produced by machinery in 
operation. Such vibration will proceed through the 
structure, or supporting medium, developing a mo- 
mentum until it attains its maximum, and then will 
die out as in the first instance. The intensity and 


*The Thompson Electric Co., Cleveland, Ohio. 


frequency of the vibration will vary with the in- 
tensity and frequency of the vibratory impulse. 

_ When the vibrating structure adjacent to the 
‘amp 1s more or less compact and rigid, as in the 
case of various kinds of machinery, or other equip- 
ment, this second type of vibration may develop a 
very short wave-length of high and rhythmic fre- 
quency, exceedingly destructive to the lamp filament 
In this case, however, it is obvious that the primary 
cause of the breakage is the rapid bending back and 
forth of the lamp filament, producing an alternation 
of stresses, rather than any sudden, sharp reversal 
of movement or impact, as in the case of a jolt 
Or jar. 

Vibration, as it proceeds along its course, will 
change its various characteristics according to its 
natural reaction to the characteristics of each medium 
through which it happens to pass. 

rhe harder, more rigid or elastic the opposing 
body the farther the vibrations will carry—as may 
be illustrated by striking the end of a steel pipe with 
a hammer, and applying the same kind of a blow to 
the end of a length of garden hose. 

_ When a lamp is rigidly bracketed close to a 
vibrating heavy structure, such as a thick, solid wall 
or column of masonry or concrete, it will receive 
the full effect and force of whatever vibration is in 
the heavy structure. The vibration waves coming 
trom such a structure naturally will be very short 
and will be more destructive to the lamp filament 
than longer wave lengths of equal intensity. That is 
to say—the shorter the wave-length, at a given in 
tensity, the more readily the filament will break. 

It follows that the farther the lamp can be re- 

moved from the source of vibration, and the greater 
the resilience of the supporting medium, the longer 
will be the wave-lengths and the less destructive 
will be the effect of the vibration upon the lamp 
filament. 
_ A messenger wire is so pliable and resilient that 
it affords a very ideal support for a lamp, from the 
standpoint of protection against vibration—where 
that method of installation is practicable. About the 
only other method of protecting the filament is to 
insert some specially constructed, resilient element 
between the source of the vibration and the lamp 
Many devices, known as “shock absorbers” have 
been developed, which more or less effectively pro- 
vide this desired protection. 

As the principles applying to vibration will be 
the same on both sides of the resilient element, it 
follows that the weight of the lamp fixture is quite 
as important as the quality and design of the re- 
silient element in the shock absorber. - That is to 
say, upon the principle that the heavier a body is, 
the stronger the vibration will have to be in order 
to affect it; so the heavier the lamp fixture is, the 
more inertia it will have with which to “back up” 
or resist such vibration as may leak through the 
resilient element, just as on the other hand, the less 
the lamp fixture weighs, the more it will be affected 
by vibration. 

For this reason there should be a proper balance 
or proportion between the resilient element in the 
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shock absorber and the weight of the lamp fixture. 
The heavier the lamp fixture is, the larger the wire 
in the spring naturally must be, to give the lam > 
proper resilient support, and the greater will be its 
resistance to corrosion. 

Inert stability, therefore, is a quality much to be 
desired in a lamp fixture, or in some element within 
the lamp fixture serving as a support for the lamp 
bulb—as in the case of a street lamp in which the 
bulb stands upright above the socket, with a stabil 
izing inner element supporting the socket and bulb 
within the lamp fixture. 

\ shock absorber should be simple in design, 
rugged in construction, and must be adequate for 
the purpose which it is to serve. There are many 
shock-absorbing devices on the market, but your at- 
tention will be directed to that manufactured by 
The Thompson Electric Company, of Cleveland, 


Ohio. It is exceedingly simple in design, having 
but four parts—a spring and three malleable cast- 
ings. Aside from a screw driver there is probably 


nothing which will loosen the screw like vibration, 
and it was felt that so far as possible, they should 
be eliminated from the design of a shock-absorber. 
There is not a screw or bolt in the Thompson de 
vice; vet the parts are so interlocked in the assem- 
bly that if the spring should ever become rusty and 
break, it would not be possible for the lamp to fall. 

The spring is of conical, or bee-hive form, pet 
mitting the coils to nest down inside of each other, 
thus providing a floating pivoted support for the 
lamp fixture, regardless of the direction of the vibra 
tion, and a maximum of movement within a mini 
mum of vertical space. For this same reason, the 
spring will take care of a wide range of lamp-fx 
ture weights. 

The Thompson shock absorber is in two models 
of similar design, but varying in size. The smaller 
model (No. 80) is furnished with either a light or a 
heavy spring designed to give resilient support t 
lamp fixtures ranging in weight from 1% Ibs. to 9 
Ibs., and from 3 to 8 Ibs., respectively. The larger 
model (No. 74) also has two interchangeable springs 

the lighter one to support weights ranging from 
5 to 12 lbs. and the heavier spring from 9 to 30 
Ibs., respectively. 

Both models may be used either with or without 
the Thompson Safety Lowering Switch, or Hanger 

a device which enables lamps to be lowered awa) 
from the electric circuit, so they can be cleaned tre 
quently and thoroughly down on the ground, and 
without any climbing or electrical hazards. 

A new line of totally enclosed, fan-cooled motors, 
1 to 50 H.P., has been developed by Allis-Chalmers 
Manufacturing Company. In this new design, all ot 
the active parts, such as, stator core, stator winding 
and the rotor, are completely enclosed, preventing 
contact of outside air, dirt, dust, fumes, moisture, 
etc., with the interior or active parts. Heat is car- 
ried awav by a sufficient volume of cooling air forced 
around and across those parts which conduct the 
heat from the interior to the outer surfaces. A cir- 
cumferential air jacket controls the path of cooling 
air. Solid cast iron bearing housings are attached to 
stator end heads with machined fit, which, with 
grease packed bearings, form a perfect end closure. 
Internal parts of motor are readily accessible by re 


moval of housings. <A unique feature is that in 
many ratings, this totally enclosed design delivers 
the same horsepower output as is obtained from the 
same frame in the standard open rating. Tempera 
ture rise is within 55°C. measured by the resistance 
method. The design provides for a most rugged 
construction with a minimum number of parts. 


Natural lightning, untamed and destructive elec 
tricity that is measured in millions of horsepower 
and millionths of a second, has been made to write 
a record of itself. In the foothills of the Allegheny 
Mountains, near Lake Wallenpaupack, Pa., where 
engineers of the General Electric Company have 
been co-operating in experiments and investigations 
on the 220,000-volt transmission lines of the Penn 
sylvamia Power & Light system for more than three 
years in,an endeavor to ascertain the characteristics 


of lightning, the greatest enemy of high voltage 
transmission lines, a photographic record has been 
obtained showing the nature of a lightning stroke 


on transmission wires before reaching the ground. 
This is the first 220,000-volt line ever built in a 
lightning-infested territorv, and the first in the 
world outside of California. 

This picture, taken Friday noon, July 27th, the 
first of its kind ever made in the world. reveals a 
stroke on the transmission wires of approximately 
2,500,000 volts. It was made automatically by a 
portable cathode-ray oscillograph, a high speed cam 
era developed in the general engineering laboratory 
f the General Electric Company. This device can 
record what happens in a millionth of a second, ot 
even a fraction of such a brief interval. 

The General Electric Company, in co-operation 
with the Pennsylvania Power and Li; Company, 
the Philadelphia Electric Company and the Public 
Service Electric and Gas Company, of New Jersey, 
began this study of natural lightning on transmis 
sion lines in 1925. The cathode-ray oscillograph had 
not been developed at that time and various tvpes 
of surge recorders were used. Early this summer, 


engineers of the above mentio1 


ed companies with 
Mr. Peek, who is credited with havine done more 
experimenting with artificial lightning than = any 
other engineer and who recently announced an arti 
ficial flash of more than 3,500,000 volts, made an in 
spection of the 65-mile, 220,000-volt lines of the 
Pennsylvania Power and Light Company, extending 
from Wallenpaupack to Siegfried, and selected a 
location for the experimental laboratory in the hills 
udjoining Wallenpaupack. . 


Less than a week after the cathode-ray high 
speed camera had been put in working order, the 
awaited thunderstorm arrived and the picture was 
taken. The negative showed that before five mil 
honths of a second had passed the voltage wave 
had climbed to more than 1,500,000 volts. A> local 
disturbance, due to an induction flash over and re- 
flection, caused a rise to 2,500,000 volts in a_ frac 
tion of a milliont! 
then died down in a millionth of a second and the 
wave passed to below dangerous value in about ten 
millionths of a second and then to zero—all in a 
total of 40 millionths of a second 


1 of a second. This splash or ripple 


This particular picture is especially interesting 
since it shows characteristics closely in line with 
predictions made by F. W. Peek, Jr., in a paper 
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presented before the Franklin Institute in Philadel- 
phia in September, 1924, based on his many years 
of experimenting with artificial lightning in the 
General Electric Company’s high-voltage laboratory 
at Pittsfield, Mass. 

This field laboratory was planned with the ex- 
pectation of continued observations on natural light- 
ning, with the realization that a great deal of data 
will be required for practical solution of lightning 
control on transmission systems. 


Gears & Forgings, Inc., Cleveland, Ohio, an- 
nounce the opening of a New York office at 149 
Broadway. Mr. Presley Hamilton will be the Dis- 
trict Representative in charge of this office. 

Waldemar Dyrssen, born at Stockholm, Sweden, 
in 1886. Graduated from The Royal Technical Uni- 
versity, Stockholm, as Metallurgical Engineer in 
1908. Was for one year (1909) with Les Petits Fils 
de Francois de Wendel et Cie Alsace Lorraine as De- 
signing Engineer in Department of Construction ; 
three years (1910-1912) with Uddeholm Company, 
Sweden, as Blast Furnace and Open Hearth Super- 
intendent: two and one-half years (1913-1915) with 
the Bethlehem Steel Company, Bethlehem, Pa., as 
Designing Engineer in the Department of Construc- 
tion: with The United States Steel Corporation, 71 
Broadway, New York City, as Metallurgical En- 
eineer, 1915-1924. | 

During his employment in the Steel Corporation 
he took part in the development of the Heroult Elec- 





WALDEMAR DYRSSEN 


tric Furnace and metallurgical matters in general 
under the late W. R. Walker and Mr. J. H. Gray. 
In 1923 he presented a paper on “Gas Producer Prac- 
tice in Steel Works” before the American Iron and 
Steel Institute, New York City and in 1924 a paper 
on “The Recovery of Waste Heat in Open Hearth 
Practice” before the British Iron & Steel Institute in 
London, England. Since 1924 to the date of his 
death, August 4th, 1926, he was with the Blaw-Knox 
Company, Pittsburgh, as Chief Engineer, Furnace 
Equipment Department. 


An oil circuit breaker of relatively high inter- 
rupting capacity and comparatively small overall 
dimensions known as the type D-127% has _ been 
placed on the market by the Condit Electrical Manu- 
facturing Corporation. 

An exceptionally heavy and rugged frame con- 
struction is used throughout and double tanks are 
furnished, supported by heavily ribbed cradle which 
is in turn hung by strong bolt construction with 
resilient features. 

The purpose of this type of construction is to 
absorb the mechanical shock incident to interrupting 
a heavy short circuit and to reduce to a minimum 
the hazard which usually follows the throwing of 
hot oil and gases emitted on heavy short circuits. 

The main current carrying contacts are Condit 
inverted laminated brushes of special design which 
will withstand extremely high inrush currents. Ex- 
ceptionally heavy arcing contacts are used whose 
large thermal absorption capacity materially reduces 
arcing on interruption. Until the brushes have 
safely parted, the arcing contacts remain firmly 
closed. 

The D-127 oil circuit breakers are built in single 
units tor 400, 600, 800 and 1200 amperes at 15,000 
volts, 1600 amperes 7500 volts and can be furnished 
for single pole or multipole operation. Estimated 
interrupting capacity, 8000 amperes at 7500 volts. 


Owing to the small space requirements of the 
type D-127 oil circuit breakers, they are particularly 
adapted for replacing present breakers inadequate 
tv meet the interrupting requirements of a station 
where large breakers could not be installed without 
considerable change in cell construction. 


THE APPLICATION OF ANTI-FRICTION 
BEARINGS TO ROLL AND PINION NECKS 


(Continued from page IV) 


5. The expense of making any installation must 

be justified by a saving in operating expenses. 

6. It is quite evident that formulae for roll neck 

design is badly needed. 

In order to reduce to the absolute minimum the 
inventory of spare bearings necessary to properly 
protect a group of mills, standardization of bearing 
dimensions should be undertaken at the earliest pos- 
sible date. This standardization could well be started 
by establishing at the present time, diameter incri- 
ment of say 4” for the smaller sizes and 4” for 
the larger sizes. 

In reference to the diameter of roll or pinion 
necks on which anti-friction bearings are mounted, it 
should be noted that there is no wear on the neck 
and therefore, its diameter remains constant through- 
out the entire life of the pinion or roll so that stand- 
ard bearings could alway be applied. This is one of 
the reasons why standardization of neck diameters 
is not only desirable, but also entirely feasible. 

It is the recommendation of this Committee that 
the matter of standardization of roll necks be given 
full consideration in next year’s program, as this 
should be the first step in standardizing anti-friction 
bearings on rolling mills. 
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